
 

 

Appendix I 

  



This page intentionally left blank 



U.S. Fish and Wildlife Service Summary Document for Review of 
Eagle Use Data and Eagle Fatality Prediction Analysis for the 
Chokecherry and Sierra Madre Wind Energy Project Phase 1 

 

 

 

U.S. Fish and Wildlife Service, Region 6, Wyoming Ecological Services Field Office 
and Region 6 Migratory Bird Management Office 

 

May 27, 2014 

 

 

  



ii

 

 

 

 

 

 

 

 

 

 

This page left blank intentionally. 



1

U.S. Fish and Wildlife Service Summary 
Document for Review of Eagle Use Data and 
Eagle Fatality Prediction Analysis for the 
Chokecherry and Sierra Madre (CCSM) Wind 
Energy Project Phase 1 
҉  EXECUTIVE SUMMARY 

This document describes the data, decision criteria, and methods used by the U.S. Fish and 
Wildlife Service (USFWS) to calculate the estimated bald eagle and golden eagle fatalities 
associated with Phase 1 of the Chokecherry Sierra Madre Wind Energy Project.  The methods 
used by the USFWS generally followed recommendations in the Eagle Conservation Plan 
Guidance (ECPG 2013), such as using data from points counts that fall within 1 kilometer of the 
project footprint (ECPG 2013, p. 57).   

The number of estimated eagle fatalities was calculated using long-watch data collected 
from April 2011 to July 2012 and 800-meter (0.5 mile) point count data collected from August 
2012 to August 2013.  The data were collected over two and a half years using varying methods 
(i.e., observer distances, eagle flight heights, surveys periods, and number of survey points); 
therefore, the data could not be easily combined into a single model run.  Because of the varying 
survey effort and volumes, the data were stratified by sampling methodology.   

Data from April 2011 to July 2012 were collected using similar long-watch methods, so data 
from the 16 months were combined into one year of data (Year1) and were run independently of 
the other four survey periods (Fall 2012, Winter 2012, Spring 3013, Summer 2013).  Because the 
eagle fatality model uses a Bayesian framework, the posterior from Year1 was used to inform 
Year2 as the new prior.   

The second “year” (Year2, August 2012 to August 2013) was collected over 13 months from 
different numbers of survey points using different eagle flight heights.  Data from the 13 months 
of Year2 were pooled and used to predict fatalities for one 12-month year; however, the code in 
the eagle fatality model was modified to account for different survey volumes and hazardous 
area volumes.  In model runs for both years, daylight hours were adjusted to account for 
curtailment of 17 turbines during the spring. 

Estimates of golden eagle fatalities and bald eagle fatalities were calculated for Chokecherry and 
for Sierra Madre using two different turbine sizes.  Using the largest on-shore turbine anticipated 
(120-meter diameter blade), the 80 percent upper credible interval (80% UCI) from the USFWS 
peer-reviewed model predicts 14 golden eagle fatalities and 2 bald eagle fatalities annually for 
Phase 1 of the Chokecherry and Sierra Madre Wind Energy Project.  Using a smaller turbine 
(103-meter blade), the model predicts the 80% UCI for 500 turbines of Phase 1 will result in 10 
golden eagle and 1.4 bald eagle fatalities annually.  
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҉  POINT COUNTS TO INCLUDE/EXCLUDE FROM EAGLE FATALITY MODELING 

Decision Criteria 

(1) Data from point counts were included in the eagle fatality model runs if the 800-meter circle 
overlapped turbines or if the circle occurred within 1 kilometer (km) of at least one turbine.   

Rationale:  This approach assumes that at a distance of 1 km, there is a close association 
between the sampling sites and the turbine locations such as a similarity of habitat types 
and/or eagle use (ECPG 2013, p. 57). 

 Exception to Criterion #1:  Data from point counts along the eastern side of the “interior 
rim” of Chokecherry were excluded from the analysis even though turbines occurred within 1 
km of the 800-meter circle. 

Rationale:  Data from point counts can be excluded if topographic features and vegetation 
types are not representative of the project footprint. 

 Exception to Criterion #1:  Data from point counts on the periphery of the project 
footprint could be excluded if:  (a) spatial coverage approached 30 percent, (b) turbines did 
not overlap the 800-meter circle, and (c) removing data from these point counts did not create 
a gap in spatial coverage.  

Rationale:  Eagle activity on the periphery of the project may be substantially different than 
within the project footprint; therefore, data from points on the periphery might not reflect 
project-related risk to eagles.  However, without other data, points on the periphery may 
represent the best available information about risk to eagles and should be included.    

Data from points on the periphery should only be considered for exclusion if:  (a) removing 
the points does not substantially reduce spatial coverage from 30 percent, (b) turbines do not 
overlap the 800-meter circle (otherwise there is a direct relationship between turbines and 
eagle use within the point count); and (3) removing the points does not leave a gap in spatial 
coverage and data from adjacent points are representative of conditions on the periphery of 
the project footprint. 

(2) If data from the point counts in criterion #1 provided less than 30 percent spatial coverage of 
the project footprint, point counts farther than 1 km were also included in the analysis if the 
point counts were representative of conditions within the project footprint. 

Rationale:  The sampling design should provide a minimum spatial coverage of at least 
30 percent of the project footprint (ECPG 2013, p. 54).  When available eagle use data from 
point counts did not meet the minimum recommendations from the ECPG, adding data from 
nearby point counts can be used to compensate for the lack of data, provided the points are 
representative of topographic features and vegetation types that characterize turbine strings 
within the project footprint. 
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Chokecherry-Specific Modifications to Decision Criteria  

(See Figures 1 through 4 in Appendix A) 

(A)  Points RM5 and RM11 (April 2011 to March 2012) and RM21 (Summer 2012) occur along 
the “interior rim” and data from these points were removed from Phase 1 eagle fatality 
estimates for the following reasons:  

(a1) RM 5 is along eastern side of the “interior rim,” away from Phase 1 development.  No 
turbines occur within the point count or within 1 km of the 800-meter circle around RM5.  
While data from RM5 could be included due to less than 30 percent spatial coverage 
(criterion #2), the eastern face of the “interior rim” is a unique topographic feature that is not 
representative of the project footprint; therefore, data from RM5 were excluded.  

(a2) RM11 One turbine is located within 1 km of the 800-meter circle; therefore, data from 
RM11 could be included due to criterion #1; however, RM 11 is located along the eastern 
cliff face of the “interior rim,” away from Phase 1 development.  Furthermore, almost all 
eagle observations within the 800-meter point count occur along the eastern face of the rim, 
and the majority of eagle observations occur outside of Phase 1 development.  Data from 
RM11 were excluded because the topographic feature and pattern of eagle use are not 
representative of the project footprint.  

(a3) RM21 was a long-watch site during May to July 2012 and replaced the points along the 
“interior rim” (RM5, RM6 and RM11).  Five turbines occur within 1-km of the 800-meter 
point count, so data from RM21 could be included due to criterion #2.  However, data from 
RM21 were excluded because the point count is located on the eastern face of a unique 
topographic feature and most eagle movements along the “interior rim” were north-south 
and did not overlap Phase 1.  Data from RM21 were excluded because the topographic 
feature and pattern of eagle use are not representative of the project footprint. 

(B)  RM 6 occurs along the western side of the “interior rim” nearest Phase 1.  Even though 
RM6 is on the periphery of the project footprint and all eagle observations from this point 
count occur within the PCW avoidance area, data from RM6 were included because spatial 
coverage was considerably less than 30 percent and because two turbines occur within the 
800-meter point count and 8 turbines are within 1 km of the circle (criterion #1).   

(C)  Data from RM12, CC8 and CC13 (the points are located in the SW corner of Chokecherry 
near Sheep Mountain) were included in the initial model runs, because turbines occur within 
1 km of the 800-meter point count circles (criterion #1).  In addition, kernel density analysis 
of the 2011 to 2012 data identified the SW corner of Chokecherry (near RM12) as a “high 
eagle use” area.  In the current project layout, PCW removed turbines from the SW corner 
of Chokecherry.  Because RM12, CC8 and CC13 are now on the periphery of the project 
footprint, they were considered for exclusion.  

(c1) Data from RM12 were included in the survey period from April 2011 to March 2012, 
because spatial coverage during this time was considerably less than 30 percent and because 
removing these data would leave only two point counts to represent eagle use for 202 
turbines.   
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(c2) Data from RM12 were included in the data from summer of 2012 (May to July), because 
spatial coverage was considerably less than 30 percent and because removing these data 
would leave only one point count to represent eagle use for 202 turbines.  

(c3) Data from CC8 (Aug to Nov 2012) were removed from analysis because there are eight 
other points in Chokecherry during this period and two survey points (CC2 and CC5) 
provide data for turbines near CC8.   

(c4) Data from CC13 and RM12 (Dec 2012 to Aug 2013) were removed from analysis, because 
there are eleven other points in Chokecherry during this period and data from two survey 
points (CC2 and CC5) provide coverage for nearby turbines. 

Sierra Madre-Specific Modifications to Decision Criteria 

(See Figures 5 through 8 in Appendix A)  

(A)  Even though turbines are more than 1 km from RM15, data from this point were included in 
the period from April 2011 to March 2012, because spatial coverage during this period was 
considerably less than 30 percent and the habitat and features at RM15 are similar to those 
in the project footprint (criterion #2).   

 There are only four point count locations in Sierra Madre during April 2011 to March 2012, 
and only two of those points are on the eastern side of Miller Hill.  Including data from 
RM15 adds a third point to the eastern side of Miller Hill and a fifth survey point to Sierra 
Madre, which has 298 turbines.  Two turbines are within 1.25 km of RM15, and the 
vegetation and habitat are similar between RM15 and the eastern side of Sierra Madre.  

 Data from RM15 were not included in the survey periods between November 2012 and 
August 2013, because there are 18 other points in Sierra Madre during this time and spatial 
coverage approached 30 percent.  

(B)  PG6 is located outside of the project footprint, east of the county road.  Five turbines occur 
within 1 km of the 800-meter point count, so data from PG6 are included due to criterion #1.  
Because the point is on the eastern fringe of Phase 1, data from PG6 could be considered for 
exclusion, but doing so would substantially reduce the spatial coverage in the northeast 
portion of Sierra Madre and leave numerous turbines without nearby point count data.  In 
addition, one of the largest and densest white-tailed prairie dog (WTPD) colonies in Sierra 
Madre occurs west of PG6; therefore, data from PG6 likely characterizes eagle use of the 
prey resource during the WTPD active period (about April through September). 

(C)  PG3 is outside of the project footprint on the north side of Miller Hill, and only one turbine 
occurs near the edge of the 1 km buffer of the 800-meter point count; therefore, data from 
this point count were considered for exclusion.  Four of the habitat types in and around PG3 
(Open Water, Aspen-Mixed Conifer, and Montane Shrubland) are not representative of the 
project footprint.  Other nearby points (PG10, PG6, and PG9) contain representative habitat 
types, and these points provide good spatial coverage of turbine locations; therefore data 
from PG3 were removed from the analysis.  

Appendix B summarizes point count locations by survey period and phase of development.  
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҉  CALCULATING EAGLE MINUTES FOR THE FATALITY MODEL 

April 2011 to March 2012 

In June of 2012, the Power Company of Wyoming (PCW) provided a summary spreadsheet of 
survey effort and eagle observations from the 15 long-watch raptor count locations that were 
surveyed between April 2011 and March 2012.  The dataset included eagle observations out to 
6.4 km (4.0 miles), but eagle observations from the long-watch data were truncated at 800-
meters due to concerns about detectability falling below assumed 100% beyond 800-meters and 
to be consistent with survey recommendations in the ECPG (ECPG 2013, pp. 54-59).  The 
truncated dataset (i.e., at 800-meters) for both Phase 1 and Phase 2 included 729 golden eagle 
minutes, 73 bald eagle minutes and 3 unidentified eagle minutes.  Total survey effort included 
129,750 minutes or 2,163 hours of observation.  These same data were also used in PCW’s draft 
Eagle Conservation Plan and in numerous reports from PCW. 

In comparing eagle minutes in the summary spreadsheet with detailed eagle observations in the 
GIS data file (Raptors201104_201203), it became apparent that the summary spreadsheet had 
substantially more eagle minutes within 800-meters than could be accounted for in the GIS data.  
The GIS file included start and end times for each eagle observation, so minutes for each eagle 
observation could be directly calculated from the GIS file.  In contrast, the summary spreadsheet 
only contained a single column for eagle minutes without any record of how minutes were 
derived.  Upon further review, it was determined that the summary spreadsheet ascribed minutes 
from the entire flight path to each point in the path instead of just the time for that segment of the 
flight path.  In addition, eagle minutes outside the 800-meter point count were included in the 
spreadsheet if part of the flight path crossed the point count.   

Because the GIS file represents the best available data and because the results from the GIS file 
can be repeated, the summary spreadsheet and the associated data were not used in the analysis 
to predict eagle fatalities.    

The start and end times in the GIS file were recorded in hours and minutes but did not include 
seconds (e.g., 08:01 to 08:02 a.m.).  Recommendations in the ECPG include rounding time of 
each eagle observation to “the next highest integer (e.g., an eagle observed flying within the plot 
for about 15 seconds is 1 eagle minute, another observed within for about 1 minute 10 seconds is 
2 eagle‐minutes, and so on…)” (ECPG 2013, p. 56).  Because seconds were not provided, the 
number of eagle minutes was rounded to include all minutes in which the eagles were observed.  
In the above example, the observation occurred at both 08:01 and 08:02, resulting in a total of 
two eagle minutes.  In some cases, this method may inflate the number of eagle minutes, but it 
ensures the number of eagle minutes is not underestimated.  Using this method, the dataset from 
the GIS file includes 198 golden eagle, 39 bald eagle, and 0 unidentified eagle minutes for Phase 
1 (Table 1; GOEA Minutes; BAEA Minutes).    

In GIS, eagle observations with corresponding flight paths for Phase 1 were reviewed point by 
point.  Using best professional judgment, eagle minutes were reduced if the eagle flew out of the 
800-meter point count.  For example, if a three-minute observation of an eagle started at the edge 
of the point count (i.e., at 800-meters) and the eagle flew away from the circle, that three-minute 
observation became one eagle minute. This analysis reduced golden eagle minutes for Phase 1 
from 198 to 189 minutes and bald eagle from 39 to 34 minutes (Table 1; Flight Adjusted).   
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The ECPG recommends eagle minutes be “recorded as ≤ 200 m (at or below conservative 
approximation of maximum height of blade tip of tallest turbine) or > 200 m” (ECPG 2013, 
p. 56).  In the GIS file, heights of eagle observations were recorded as above or below150 
meters, therefore, it is impossible to know whether an eagle minute recorded as 150+ meters was 
between 150 and 200 meters or above 200 meters.  To address this issue, all eagle minutes with 
heights greater than 150 meters were removed.  This adjustment reduced golden eagle minutes 
for Phase 1 from 189 to 145 minutes and bald eagle minutes from 34 to 32 minutes (Table 1; 
Height Adjusted).  Because flight heights were truncated at 150 meters, the prior for exposure in 
the model was modified to account for sampling volume and the sampled volume term in the 
model code was adjusted from 200 to 150 meters.   

Table 1. Summary of raw, flight-adjusted, and height-adjusted golden eagle (GOEA; orange 
color) and bald eagle (BAEA; blue color) minutes for Chokecherry (CC) and Sierra 
Madre (SM) Phase1, based on data from the GIS file. 

Phase / 
Location 

GOEA 
Minutes 

Flight 
Adjusted 

Height 
Adjusted 

BAEA 
Minutes 

Flight 
Adjusted 

Height 
Adjusted 

CC Phase 1 50 50 37 13 10 10 
SM Phase 1 148 139 108 26 24 22 

Total 198 189 145 39 34 32 
 
May 2012 to August 2013 

For five survey periods between May 2012 and August 2013, the PCW provided spreadsheets 
containing detailed descriptions of eagle observations within the 800-meter point counts, 
including start and end times for each eagle observation.  Start and end times were recorded in 
hours and minutes but did not include seconds (e.g., 10:05 to 10:07 a.m.).  Recommendations in 
the ECPG include rounding time of each eagle observation to “the next highest integer” (ECPG 
2013, p. 56).  Similar to treatment of the earlier GIS data, the number of eagle minutes was 
rounded to include all minutes in which the eagles were observed.  In the above example, the 
observation occurred in 10:05, 10:06 and 10:07, resulting in a total of three eagle minutes.  In 
some cases, this method may inflate the number of eagle minutes, but it ensures the number of 
eagle minutes is not underestimated.   

For the Summer 2012 dataset and a portion of the Fall 2012 dataset, eagle minutes were recorded 
as above or below 150 meters instead of 200 meters as recommended (ECPG 2013, p. 56).  To 
address this issue, all eagle minutes with heights greater than 150 meters were removed, and then 
sampled volume in the model code was adjusted from 200 to 150 meters.  For the second half of 
the Fall 2012 dataset, and the Winter 2012, Spring 2013 and Summer 2013 datasets, eagle 
observations were recorded as above or below 200 meters. 

Periods of Sampling Overlap for “Year1” and “Year2” 

Data from the first year (April 2011 to March 2012) and data from the summer of 2012 (May 
2012 to July 2012) were collected using the same methods.  Even though the number and 
location of points differed, the data from the 16 months can be combined into one year (Year1) 
for use in the model, because the data were collected using similar methods.  Data from the 16 
months of “Year 1” were pooled and used to predict fatalities for one 12-month year (Figure 1).   
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The second year of data (August 2012 to August 2013) was collected over thirteen months from 
different numbers of survey points (i.e., 40 and 60) and using different eagle flight heights (i.e., 
150 and 200 meters).  Because of the varying survey effort and different volumes, the data were 
stratified by sampling methodology.  The sampling periods from Year2 are “Fall2012-150m” 
(40 points, 150 meters), “Fall2012-200m” (40 points, 200 meters) and “Winter2012 / Spring2013 
/ Summer2013” (60 points, 200 meters).   

Data from the 13 months of “Year2” were pooled and used to predict fatalities for one 12-month 
year; however, the code in the eagle fatality model was modified to account for different survey 
volumes and hazardous area volumes (Figure 1). 

Figure 1.  Survey effort (and period of expansion) overlapped from April 2011 through July 2012 
(collectively “Year 1”) and from August 2012 to August 2013(collectively “Year 2”). 

 

 
Appendix C summarizes survey effort and eagle minutes for individual survey points during 
each survey period. 

Appendix D summarizes total survey effort and eagle minutes for Chokecherry and Sierra Madre 
during each survey period based on the decision criteria whether to include or exclude survey 
points. 
 
҉  ADJUSTMENTS DUE TO AVOIDANCE AREAS 

In general, eagle minutes observed at observation points that overlapped the PCW-avoidance 
areas were not subtracted from the model runs by USFWS.  The avoidance areas are primarily a 
concern for the April 2011 to March 2012 dataset, because later point count locations were 
placed outside of the avoidance areas.  Earlier attempts by USFWS and PCW to exclude eagle 
minutes that occurred within the avoidance areas were based on data from the summary 
spreadsheet (rather than GIS data), and resulted in removal of between 40 to 75 percent of eagle 
minutes depending on method used.   

Using data from the GIS file (instead of the summary spreadsheet) for those points included in 
the decision criteria results in the removal of a small percentage of eagle minutes from Phase 1 
survey points.  One possible reason to exclude data within the avoidance areas is that they are 
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areas where turbines will not be built and so risk to eagles should be lower; however, in most 
cases there are not enough eagle observations to conclude that eagle activity differs between 
areas within an 800-meter survey point.  Furthermore, removing eagle minutes within the 
avoidance areas may result in a higher eagle fatality estimate due to the corresponding 
subtraction of survey area within the avoidance areas.   

RM5, RM11, and RM21 occur within the avoidance areas.  As discussed earlier, eagle minutes 
from RM5, RM11, and RM21 were not included, because the points occur along the eastern face 
of the “interior rim,” a unique topographic feature that does not represent the project footprint.  
In addition, most eagle movements occur within the avoidance areas.  All eagle minutes from 
RM5, RM11, and RM21 are excluded from the model.  
 
҉  ADJUSTMENTS TO ANNUAL DAYLIGHT HOURS 

Based on the location of Teton Reservoir, which is about halfway between Chokecherry and 
Sierra Madre, the daylight hour function (author:  M. Otto, USFWS) calculated 4,458 daylight 
hours on an annual basis (Appendix E).  Using turbine-specific information, the percent of 
daylight operational periods for each of the 500 turbines ranges from 70 to 98 percent, with an 
annual average of 91.9 percent for all 500 turbines combined (AWS Truepower 2014).  
Operational hours for each turbine were provided by season; therefore, seasonal averages for 
Chokecherry range from 88.4 to 96.3 percent and from 85.1 to 94.5 percent for Sierra Madre 
(Appendix E).    

Based on a project-wide average of an eight percent non-operational period, and based on the 
seasonal curtailment of 17 turbines near nest “162” for 89.25 days between 1 February and 30 
April, the annual daylight hours were adjusted from 4,458 to 4,064 daylight hours per year 
(Appendix E).   

Fatality estimates were also run separately for Phase 1 of Chokecherry and Phase 1 of Sierra 
Madre.  Because there is no pre-planned curtailment within Chokecherry, the adjusted daylight 
hours (4,149.6) are based on the average season operational hours of turbines only within 
Chokecherry (Appendix E).     

At Sierra Madre, 17 turbines near nest “162” will be curtailed during all daylight hours for 89.25 
days between February 1st and April 30th.  Subtracting the turbine-hours for the 17 turbines 
during the curtailment period, and using the average seasonal operational hours for the 298 
turbines within Sierra Madre, there are 4,005 daylight hours per year (Appendix E).    
҉  VOLUME ADJUSTMENTS 

The volume of the observed area in the model (the 200-meter high cylinder around each turbine) 
was adjusted for the April 2011 to March 2012 dataset, the Summer 2012 dataset (05/01/12 - 
07/24/12) and part of the fall 2012 dataset (08/20/12 - 09/15/12), because eagle observations 
were recorded as above or below 150 meters rather than 200 meters recommended in the ECPG.     

The eagle fatality model code was modified to compute the exposure prior and posterior and 
hazardous area in the expansion factor as volumes since some of the data collection did not use 
the recommended 200-m and below.  These changes are indicated in the model code used in the 
USFWS analysis. 
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҉  MODEL INPUTS AND RESULTS 

Appendix F summarizes the data used as inputs into the eagle fatality model as well as the model 
results.  Individual estimates of golden eagle fatalities and bald eagle fatalities were also run 
separately for Phase 1 of Chokecherry and Phase 1 of Sierra Madre.  Fatalities for each species 
were predicted using turbines with 103-meter diameter blades and 120-meter diameter blades.   

Due to similarity of data collection methods, the data from Year1 (April 2011 to July 2012) were 
combined into one model run for Chokecherry and one model run for Sierra Madre.  Because the 
eagle fatality model uses a Bayesian framework, the posterior from Year1 informs Year2 as the 
new prior.  Because the second “year” (Year2, August 2012 to August 2013) was collected over 
thirteen months using different methods, data from the Year2 were pooled and used to predict 
fatalities for one 12-month year (see prior discussion).   

In the Bayesian framework, results from Year2 are actually a combination of the data from both 
Year1 and Year2.  Therefore, while results are shown for Year1 in Appendix F, the results from 
Year2 are the "final" predicted eagle fatalities.  

Using the largest on-shore turbine anticipated (120-meter diameter blade), the 80 percent upper 
credible interval (80% UCI) from the USFWS peer-reviewed model predicts 14 golden eagle 
fatalities and 2 bald eagle fatalities annually for Phase 1 of the Chokecherry and Sierra Madre 
Wind Energy Project.  Using a smaller turbine (103-meter blade), the 80% UCI from the model 
predicts the 500 turbines of Phase 1 will result in 10 golden eagle and 1.4 bald eagle fatalities 
annually (7 bald eagles every 5 years).   

The average (mean) fatality estimates are also provided in Appendix F; however, the Eagle 
Conservation Plan Guidance recommends using a risk-averse method such as the 80% UCI for 
calculating programmatic eagle take, rather than using the average (ECPG 2013, p. 29).  
However, the average number of predicted fatalities is 7 and 10 golden eagles and 1 and 2 bald 
eagles for 103-meter and 120-meter blades, respectively.   
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Appendix A:  Maps of Point Count Locations  
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Appendix B:  Summary Table of Point Count Locations in Phase 1 for 
Each Survey Period 
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Geographic Location of Survey Points by Survey Period - Phase 1

15 SURVEY POINTS 14 SURVEY POINTS 40 SURVEY POINTS 60 SURVEY POINTS
04/04/11 - 03/27/12 05/01/12 - 07/24/12 08/20/12 - 11/09/12 11/12/12 - 08/30/13

CC SM CC SM CC SM CC SM
RM6 RM13 RM12 RM17 CC1 MH1 CC10 MH1
RM7 RM14 RM23 RM18 CC2 MH2 CC11 MH2

RM12 RM3 RM19 CC3 MH3 CC12 MH3
RM4 RM20 CC4 MH4 CC13 MH4

RM15 CC5 MH5 CC2 MH5
CC6 MH6 CC3 MH6
CC7 PG1 CC4 MH7
CC8 PG2 CC5 MH8
CC9 PG3 CC6 PG1

PG4 CC7 PG10
PG5 CC9 PG2
PG6 RM12 PG3
PG7 RM7 PG4
PG8 PG5
PG9 PG6

PG7
PG8
PG9

RM14

3 5 2 4 9 15 13 19

In this period, data from RM15 are included in Sierra Madre Phase 1 

Data from CC8, CC13 and RM12 excluded from Chokecherry Phase 1 starting Fall 2012

Data from PG3 excluded from Sierra Madre starting Fall 2012

PHASE 1 PHASE 1 Phase 1 PHASE 1
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Appendix C:  Eagle Minutes and Survey Effort by Survey Point and 
Sampling Period  
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Survey Data by Point Count by Survey Period

** GOEA = Golden Eagle; BAEA = Bald Eagle; Obs = Observation 
** Eagle minutes are rounded up. 
** Eagle observations recorded as 150+ meters are not included.
** Fall 2012 data are split at 9/16 due to different methods used to record eagle altitude.

2011 Spring to 2012 Spring Data (04/04/11 - 03/27/12) ( <150 meters)
Survey Area Eagle 2011 Spring to 2012 Spring

Phase Point GOEA BAEA Obs Obs* Exposure¹ Summary of Minutes by Phase
CC - West RM 6 24 5 9041 2.01 0.00132 Phase GOEA BAEA Obs
CC - West RM 7 0 5 7790 2.01 0.00000 CC - East 214 6 44,725      
CC - West RM 12 13 7970 2.01 0.00081 CC - West 37 10 24,801      
SM - West RM 3 1 1 7173 2.01 0.00007 SM - West 108 22 42,729      
SM - West RM 4 13 8171 2.01 0.00079 SM-East 78 17,495      
SM - West RM 13 20 4 10563 2.01 0.00094 Grand Total 437 38 129,750    
SM - West RM 14 50 17 8264 2.01 0.00301
SM - West RM 15 24 8558 2.01 0.00140
SM-East RM 1 29 8889 2.01 0.00162
SM-East RM 2 49 8606 2.01 0.00283
CC - East RM 5 41 8480 2.01 0.00241
CC - East RM 8 59 1 8913 2.01 0.00329
CC - East RM 9 9 9290 2.01 0.00048
CC - East RM 10 4 8729 2.01 0.00023
CC - East RM 11 101 5 9313 2.01 0.00540

2012 Summer Data (05/01/12 - 07/24/12) (eagle minutes <150 meters)
Survey Area Eagle 2012 Summer Data

Phase Point GOEA BAEA Obs Obs* Exposure¹ Summary of Minutes by Phase
CC - West RM12 1080 2.01 0.00000 Phase GOEA BAEA Obs
CC - West RM23 1044 2.01 0.00000 CC - East 2 5,405        
SM - West RM17 5 1082 2.01 0.00230 CC - West 2,124        
SM - West RM18 3 1088 2.01 0.00137 SM - West 19 4,330        
SM - West RM19 9 1080 2.01 0.00415 SM-East 4 3,360        
SM - West RM20 2 1080 2.01 0.00092 Grand Total 25 0 15,219      
CC - East RM10 1080 2.01 0.00000
CC - East RM21 1080 2.01 0.00000
CC - East RM22 1082 2.01 0.00000
CC - East RM24 1080 2.01 0.00000
CC - East RM25 2 1083 2.01 0.00092
SM-East RM01 4 1140 2.01 0.00175
SM-East RM02 1140 2.01 0.00000
SM-East RM16 1080 2.01 0.00000

Minutes

Minutes
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2012 Fall Data ( in part) (08/20/12 - 09/15/12) (eagle minutes <150 meters)
Survey Area Eagle 2012 Fall Data ( in part)

Phase Point GOEA BAEA Obs Obs* Exposure¹ Summary of Minutes by Phase
CC - West CC1 240 2.01 0.00000 Phase GOEA BAEA Obs
CC - West CC2 240 2.01 0.00000 CC - East 2,520        
CC - West CC3 240 2.01 0.00000 CC - West 0 2,220        
CC - West CC4 240 2.01 0.00000 SM - West 9 2 3,780        
CC - West CC5 240 2.01 0.00000 SM-East 9 1,500        
CC - West CC6 240 2.01 0.00000 Grand Total 18 2 10,020      
CC - West CC7 300 2.01 0.00000
CC - West CC8 0 240 2.01 0.00000
CC - West CC9 240 2.01 0.00000
SM - West MH1 7 240 2.01 0.01451
SM - West MH2 240 2.01 0.00000
SM - West MH3 300 2.01 0.00000
SM - West MH4 240 2.01 0.00000
SM - West MH5 300 2.01 0.00000
SM - West MH6 240 2.01 0.00000
SM - West PG1 240 2.01 0.00000
SM - West PG2 2 240 2.01 0.00415
SM - West PG3 2 240 2.01 0.00000
SM - West PG4 240 2.01 0.00000
SM - West PG5 300 2.01 0.00000
SM - West PG6 240 2.01 0.00000
SM - West PG7 240 2.01 0.00000
SM - West PG8 240 2.01 0.00000
SM - West PG9 240 2.01 0.00000
CC - East CMD1 300 2.01 0.00000
CC - East CMD2 240 2.01 0.00000
CC - East HB1 240 2.01 0.00000
CC - East HB2 240 2.01 0.00000
CC - East SR1 240 2.01 0.00000
CC - East SR2 240 2.01 0.00000
CC - East UH1 300 2.01 0.00000
CC - East UH2 240 2.01 0.00000
CC - East UI1 240 2.01 0.00000
CC - East UI2 240 2.01 0.00000
SM-East CB1 300 2.01 0.00000
SM-East CB2 240 2.01 0.00000
SM-East CB3 240 2.01 0.00000
SM-East CB4 240 2.01 0.00000
SM-East SCR1 3 240 2.01 0.00622
SM-East SCR2 6 240 2.01 0.01244

Minutes
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2012 Fall Data (in part) (09/17/12 - 11/09/12) (eagle minutes <200 meters)
Survey Area Eagle 2012 Fall Data (in part)

Phase Point GOEA BAEA Obs Obs* Exposure¹ Summary of Minutes by Phase
CC - West CC1 480 2.01 0.00000 Phase GOEA BAEA Obs
CC - West CC2 480 2.01 0.00000 CC - East 4,782        
CC - West CC3 3 458 2.01 0.00326 CC - West 13 4,294        
CC - West CC4 6 480 2.01 0.00622 SM - West 13 7,200        
CC - West CC5 480 2.01 0.00000 SM-East 9 2,880        
CC - West CC6 4 476 2.01 0.00418 Grand Total 35 0 19,156      
CC - West CC7 480 2.01 0.00000
CC - West CC8 0 480 2.01 0.00000
CC - West CC9 480 2.01 0.00000
SM - West MH1 480 2.01 0.00000
SM - West MH2 480 2.01 0.00000
SM - West MH3 480 2.01 0.00000
SM - West MH4 480 2.01 0.00000
SM - West MH5 480 2.01 0.00000
SM - West MH6 5 480 2.01 0.00518
SM - West PG1 3 480 2.01 0.00311
SM - West PG2 2 480 2.01 0.00207
SM - West PG3 480 2.01 0.00000
SM - West PG4 600 2.01 0.00000
SM - West PG5 3 480 2.01 0.00311
SM - West PG6 360 2.01 0.00000
SM - West PG7 480 2.01 0.00000
SM - West PG8 600 2.01 0.00000
SM - West PG9 360 2.01 0.00000
CC - East CMD1 480 2.01 0.00000
CC - East CMD2 480 2.01 0.00000
CC - East HB1 480 2.01 0.00000
CC - East HB2 480 2.01 0.00000
CC - East SR1 480 2.01 0.00000
CC - East SR2 480 2.01 0.00000
CC - East UH1 462 2.01 0.00000
CC - East UH2 480 2.01 0.00000
CC - East UI1 480 2.01 0.00000
CC - East UI2 480 2.01 0.00000
SM-East CB1 480 2.01 0.00000
SM-East CB2 480 2.01 0.00000
SM-East CB3 360 2.01 0.00000
SM-East CB4 600 2.01 0.00000
SM-East SCR1 480 2.01 0.00000
SM-East SCR2 9 480 2.01 0.00933

Minutes
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2012 Winter Data (11/12/12 - 03/29/13) (eagle minutes <200 meters)
Survey Area Eagle 2012 Winter Data

Phase Point GOEA BAEA Obs Obs* Exposure¹ Summary of Minutes by Phase
CC - West CC10 540 2.01 0.00000 Phase GOEA BAEA Obs
CC - West CC11 540 2.01 0.00000 CC - East 20 9,313        
CC - West CC12 540 2.01 0.00000 CC - West 22 6,690        
CC - West CC13 14 540 2.01 0.01290 SM - West 34 9,300        
CC - West CC2 540 2.01 0.00000 SM-East 32 5,220        
CC - West CC3 510 2.01 0.00000 Grand Total 108 0 30,523      
CC - West CC4 540 2.01 0.00000
CC - West CC5 420 2.01 0.00000
CC - West CC6 480 2.01 0.00000
CC - West CC7 8 480 2.01 0.00829
CC - West CC9 480 2.01 0.00000
CC - West RM12 0 540 2.01 0.00000
CC - West RM7 540 2.01 0.00000
SM - West MH1 300 2.01 0.00000
SM - West MH2 480 2.01 0.00000
SM - West MH3 480 2.01 0.00000
SM - West MH4 300 2.01 0.00000
SM - West MH5 480 2.01 0.00000
SM - West MH6 540 2.01 0.00000
SM - West MH7 480 2.01 0.00000
SM - West MH8 3 540 2.01 0.00276
SM - West PG1 540 2.01 0.00000
SM - West PG10 540 2.01 0.00000
SM - West PG5 540 2.01 0.00000
SM - West PG2 540 2.01 0.00000
SM - West PG3 12 540 2.01 0.01106
SM - West PG4 7 540 2.01 0.00645
SM - West PG6 3 540 2.01 0.00276
SM - West PG7 480 2.01 0.00000
SM - West PG8 480 2.01 0.00000
SM - West PG9 480 2.01 0.00000
SM - West RM14 9 480 2.01 0.00933
CC - East CMD2 480 2.01 0.00000
CC - East CMD3 400 2.01 0.00000
CC - East CMD4 540 2.01 0.00000
CC - East HB1 600 2.01 0.00000
CC - East HB2 540 2.01 0.00000
CC - East HB3 4 480 2.01 0.00415
CC - East RM10 540 2.01 0.00000
CC - East RM9 480 2.01 0.00000
CC - East SR1 6 540 2.01 0.00553
CC - East SR2 540 2.01 0.00000
CC - East SR3 540 2.01 0.00000
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CC - East UH1 513 2.01 0.00000
CC - East UH2 600 2.01 0.00000
CC - East UH3 540 2.01 0.00000
CC - East UH4 2 480 2.01 0.00207
CC - East UI1 2 420 2.01 0.00237
CC - East UI2 6 600 2.01 0.00498
CC - East UI3 480 2.01 0.00000
SM-East CB1 7 540 2.01 0.00645
SM-East CB2 420 2.01 0.00000
SM-East CB4 5 540 2.01 0.00461
SM-East CB5 540 2.01 0.00000
SM-East CB6 8 480 2.01 0.00829
SM-East RM15 12 600 2.01 0.00995
SM-East RM2 540 2.01 0.00000
SM-East SCR1 540 2.01 0.00000
SM-East SCR2 480 2.01 0.00000
SM-East SCR3 540 2.01 0.00000

2013 Spring Data (04/01/13 - 06/21/13) (eagle minutes <200 meters)
Survey Area Eagle 2013 Spring Data

Phase Point GOEA BAEA Obs Obs* Exposure¹ Summary of Minutes by Phase
CC - West CC10 360 2.01 0.00000 Phase GOEA BAEA Obs
CC - West CC11 360 2.01 0.00000 CC - East 5,940        
CC - West CC12 300 2.01 0.00000 CC - West 2 4,260        
CC - West CC13 0 300 2.01 0.00000 SM - West 1 6,360        
CC - West CC2 360 2.01 0.00000 SM-East 4 3,314        
CC - West CC3 2 360 2.01 0.00276 Grand Total 7 0 19,874      
CC - West CC4 300 2.01 0.00000
CC - West CC5 300 2.01 0.00000
CC - West CC6 300 2.01 0.00000
CC - West CC7 360 2.01 0.00000
CC - West CC9 360 2.01 0.00000
CC - West RM12 0 300 2.01 0.00000
CC - West RM7 300 2.01 0.00000
SM - West MH1 360 2.01 0.00000
SM - West MH2 360 2.01 0.00000
SM - West MH3 360 2.01 0.00000
SM - West MH4 300 2.01 0.00000
SM - West MH5 300 2.01 0.00000
SM - West MH6 360 2.01 0.00000
SM - West MH7 360 2.01 0.00000
SM - West MH8 300 2.01 0.00000
SM - West PG1 360 2.01 0.00000
SM - West PG10 300 2.01 0.00000
SM - West PG5 360 2.01 0.00000
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SM - West PG2 300 2.01 0.00000
SM - West PG3 360 2.01 0.00000
SM - West PG4 360 2.01 0.00000
SM - West PG6 300 2.01 0.00000
SM - West PG7 360 2.01 0.00000
SM - West PG8 300 2.01 0.00000
SM - West PG9 300 2.01 0.00000
SM - West RM14 1 360 2.01 0.00138
CC - East CMD2 360 2.01 0.00000
CC - East CMD3 360 2.01 0.00000
CC - East CMD4 360 2.01 0.00000
CC - East HB1 300 2.01 0.00000
CC - East HB2 300 2.01 0.00000
CC - East HB3 300 2.01 0.00000
CC - East RM10 300 2.01 0.00000
CC - East RM9 360 2.01 0.00000
CC - East SR1 300 2.01 0.00000
CC - East SR2 360 2.01 0.00000
CC - East SR3 300 2.01 0.00000
CC - East UH1 300 2.01 0.00000
CC - East UH2 300 2.01 0.00000
CC - East UH3 360 2.01 0.00000
CC - East UH4 360 2.01 0.00000
CC - East UI1 300 2.01 0.00000
CC - East UI2 360 2.01 0.00000
CC - East UI3 360 2.01 0.00000
SM-East CB1 4 300 2.01 0.00663
SM-East CB2 270 2.01 0.00000
SM-East CB4 360 2.01 0.00000
SM-East CB5 360 2.01 0.00000
SM-East CB6 360 2.01 0.00000
SM-East RM15 360 2.01 0.00000
SM-East RM2 300 2.01 0.00000
SM-East SCR1 360 2.01 0.00000
SM-East SCR2 360 2.01 0.00000
SM-East SCR3 284 2.01 0.00000
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2013 Summer Data (06/24/13 - 08/30/13) (eagle minutes <200 meters)
Survey Area Eagle 2013 Summer Data

Phase Point GOEA BAEA Obs Obs* Exposure¹ Summary of Minutes by Phase
CC - West CC10 300 2.01 0.00000 Phase GOEA BAEA Obs
CC - West CC11 300 2.01 0.00000 CC - East 1 5,400        
CC - West CC12 300 2.01 0.00000 CC - West 8 3,900        
CC - West CC13 4 300 2.01 0.00663 SM - West 2 5,700        
CC - West CC2 300 2.01 0.00000 SM-East 5 3,000        
CC - West CC3 2 300 2.01 0.00332 Grand Total 16 0 18,000      
CC - West CC4 300 2.01 0.00000
CC - West CC5 2 300 2.01 0.00332
CC - West CC6 300 2.01 0.00000
CC - West CC7 300 2.01 0.00000
CC - West CC9 300 2.01 0.00000
CC - West RM12 0 300 2.01 0.00000
CC - West RM7 300 2.01 0.00000
SM - West MH1 300 2.01 0.00000
SM - West MH2 300 2.01 0.00000
SM - West MH3 300 2.01 0.00000
SM - West MH4 300 2.01 0.00000
SM - West MH5 300 2.01 0.00000
SM - West MH6 300 2.01 0.00000
SM - West MH7 300 2.01 0.00000
SM - West MH8 300 2.01 0.00000
SM - West PG1 300 2.01 0.00000
SM - West PG10 300 2.01 0.00000
SM - West PG5 300 2.01 0.00000
SM - West PG2 300 2.01 0.00000
SM - West PG3 300 2.01 0.00000
SM - West PG4 300 2.01 0.00000
SM - West PG6 300 2.01 0.00000
SM - West PG7 300 2.01 0.00000
SM - West PG8 300 2.01 0.00000
SM - West PG9 300 2.01 0.00000
SM - West RM14 2 300 2.01 0.00332
CC - East CMD2 300 2.01 0.00000
CC - East CMD3 1 300 2.01 0.00166
CC - East CMD4 300 2.01 0.00000
CC - East HB1 300 2.01 0.00000
CC - East HB2 300 2.01 0.00000
CC - East HB3 300 2.01 0.00000
CC - East RM10 300 2.01 0.00000
CC - East RM9 300 2.01 0.00000
CC - East SR1 300 2.01 0.00000
CC - East SR2 300 2.01 0.00000
CC - East SR3 300 2.01 0.00000
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CC - East UH1 300 2.01 0.00000
CC - East UH2 300 2.01 0.00000
CC - East UH3 300 2.01 0.00000
CC - East UH4 300 2.01 0.00000
CC - East UI1 300 2.01 0.00000
CC - East UI2 300 2.01 0.00000
CC - East UI3 300 2.01 0.00000
SM-East CB1 300 2.01 0.00000
SM-East CB2 300 2.01 0.00000
SM-East CB4 300 2.01 0.00000
SM-East CB5 300 2.01 0.00000
SM-East CB6 300 2.01 0.00000
SM-East RM15 3 300 2.01 0.00498
SM-East RM2 2 300 2.01 0.00332
SM-East SCR1 240 2.01 0.00000
SM-East SCR2 300 2.01 0.00000
SM-East SCR3 360 2.01 0.00000
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Appendix D:  Summary of Eagle Minutes and Survey Effort for Each 
Survey Period Based on the Decision Criteria 
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Summary of Survey Data for Chokecherry Sierra Madre
** GOEA = Golden Eagle; BAEA = Bald Eagle; Obs = Observation; Min = Minutes
** Eagle minutes are rounded up. 
** # = Eagle minutes >150 meters are not included; adjust volume to 150 meters.
** Fall 2012 data are split at 9/16 due to different methods for eagle altitude.
** Data are based on final decision criteria.

2011 Spring to 2012 Spring Data #
(04/04/11 - 03/27/12) (15 points) ( >150 meters are not included) #
Area Phase Points Obs Minutes GOEA Min BAEA Min Notes
CC - West 1 3 24801 37 10
SM - West 1 5 42729 108 22 RM15 included
Total 8 67,530                  145 32

2012 Summer Data #
(05/01/12 - 07/24/12) (14 points) (18 eagle minutes >150 meters not included) #
Area Phase Points Obs Minutes GOEA Min BAEA Min
CC - West 1 2 2124 0 0
SM - West 1 4 4330 19 0
Total 6 6,454                    19 0

2012 Fall Data ( in part) #
(08/20/12 - 09/15/12) (40 points) (23 eagle minutes >150 meters not included) #
Area Phase Points Obs Minutes GOEA Min BAEA Min
CC - West 1 9 1980 0 0 CC8 excluded
SM - West 1 15 3540 9 0 Exclude PG3
Total 24 5,520                    9 0

2012 Fall Data (in part)
(09/17/12 - 11/09/12) (40 points) (eagle minutes <200 meters)
Area Phase Points Obs Minutes GOEA Min BAEA Min
CC - West 1 9 3814 13 0 CC8 excluded
SM - West 1 15 6720 13 0 Exclude PG3
Total 24 10,534                  26 0

2012 Winter Data
(11/12/12 - 03/29/13) (60 points)
Area Phase Points Obs Minutes GOEA Min BAEA Min
CC - West 1 13 5610 8 0 CC13, RM12 Excluded
SM - West 1 21 8760 22 0  Exclude RM15, PG3
Total 34 14,370                  30 0
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2013 Spring Data
(04/01/13 - 06/21/13) (60 points)
Area Phase Points Obs Minutes GOEA Min BAEA Min
CC - West 1 13 3660 2 0 CC13, RM12 Excluded
SM - West 1 21 6000 1 0  Exclude RM15, PG3
Total 34 9,660                    3 0

2013 Summer Data
(06/24/13 - 08/30/13) (60 points)
Area Phase Points Obs Minutes GOEA Min BAEA Min
CC - West 1 13 3300 4 0 CC13, RM12 Excluded
SM - West 1 21 5400 2 0  Exclude RM15, PG3
Total 34 8,700                    6 0

All Data Combined
Area Phase Points Obs Minutes GOEA Min BAEA Min
CC - West 1 n/a 45289 64 10
SM - West 1 n/a 77479 174 22
Total 0 122,768                238 32

"Year1 "Split (April 2011-July2012)
Area Phase Points Obs Minutes GOEA Min BAEA Min
CC - West 1 n/a 26925 37 10
SM - West 1 n/a 47059 127 22
Total 73,984                  164 32

"Year2" Split (August 2012-August 2013)
Area Phase Points Obs Minutes GOEA Min BAEA Min
CC - West 1 n/a 18364 27 0
SM - West 1 n/a 30420 47 0
Total 48,784                  74 0
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Appendix E:  Adjustments to Daylight Hours 
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The following is an example of the model code used to calculate annual and seasonal daylight 
hours. 
 
 
## Define seasonal strata and calculate daylight hours 
LatLng<-c(41.6038693,-107.261601) 
 
# Annual Daylight Hours 
SeasonType<-"Annual" 
DayLtHr<-DayLen(LatLng[2],LatLng[1],Type=SeasonType)  
colnames(DayLtHr)[1]<-"Season" 
DayLtHr$AveDayLen<-with(DayLtHr,DayLtHr/Days) 
 
# Seasonal Daylight Hours (to determine total daylight hours during curtailment period) 
SeasonEndDay<-c(Winter="1/31",Curtail="4/30",Spring="6/30",Summer="8/15",Fall="11/15") 
DayLtHr<-DayLen(-107.128973,41.767919,Type=SeasonEndDay, 
Labels=names(SeasonEndDay)) 
DayLtHr$AveDayLen<-with(DayLtHr,DayLtHr/Days) 
 
# Day length based on National Oceanic and Atmospheric Administration solar calculator: 
#       http://www.esrl.noaa.gov/gmd/grad/solcalc/calcdetails.html 
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Daylight Operational Hours

Percent of Daylight Operational Hours by "Season" for All Turbines

Row Labels

Average of 
Winter (Nov 
16 - Jan 31)

Average of 
Curtailment 
Season (Feb 1 - 
Apr 30)

Average of 
Active Nest 
Season (May 
1 - Jun 30)

Average of 
Summer (Jul 1 
- Aug 15)

Average of 
Fall (Aug 16 - 
Nov 15)

Average of 
Entire Year 
(Jan 1 - Dec 
31)

Chokecherry 96.258% 94.582% 94.049% 88.434% 91.543% 93.072%
Sierra Madre 94.468% 93.539% 92.019% 85.087% 89.543% 91.126%
Project Average 95.191% 93.960% 92.839% 86.439% 90.351% 91.912%

Percent of Daylight Operational Hours by "Season" for All Turbines with Seasonal Curtailment

Row Labels

Average of 
Winter (Nov 
16 - Jan 31)

Average of 
Curtailment 
Season (Feb 1 - 
Apr 30)

Average of 
Active Nest 
Season (May 
1 - Jun 30)

Average of 
Summer (Jul 1 
- Aug 15)

Average of 
Fall (Aug 16 - 
Nov 15)

Average of 
Entire Year 
(Jan 1 - Dec 
31)

Chokecherry 96.258% 94.582% 94.049% 88.434% 91.543% 93.072%
Sierra Madre 94.468% 93.496% 92.019% 85.087% 89.543% 91.126%
Project Average 95.191% 93.951% 92.839% 86.439% 90.351% 91.912%

Seasonal values are an average of percent operational time during daylight hours of individual
turbines provided by AWS Truepower, May 2014.

Highlighted values include the curtailment of 17 turbines in Sierra Madre from 1 Feb to 30 April.
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Daylight Hours Adjustment for Seasonal Curtailment

Latitude Longitude
41.604 -107.261601

Season cRange Days AveDayLen DayLtHr
Annual 01/01-12/31 365.25 12.20462 4457.739
Base Annual Daylight Hours for Teton Reservoir

Season Day Range Days AveDayLen DayLtHr  Turbines % Operational Turbine-Hours*
Winter 11/16-01/31 77.00 9.409873 724.5602 500 95.191% 344,858.18          
Curtail 02/01-04/30 89.25 12.020020 1072.7868 500 93.960% 503,996.84          
Spring 05/01-06/30 61.00 14.864888 906.7582 500 92.839% 420,911.98          
Summer 07/01-08/15 46.00 14.604142 671.7905 500 86.439% 290,344.26          
Fall 08/16-11/15 92.00 11.762141 1082.1170 500 90.351% 488,851.57          
Calculating Annual Daylight Hours 4458.013 sum= 2,048,962.83      
For 500 turbines without Curtailment 4,097.926            

Season Day Range Days AveDayLen DayLtHr  Turbines % Operational Turbine-Hours*
Winter 11/16-01/31 77.00 9.409873 724.5602 500 95.191% 344,858.18          
Curtail 02/01-04/30 89.25 12.020020 1072.7868 483 93.951% 486,810.25          
Spring 05/01-06/30 61.00 14.864888 906.7582 500 92.839% 420,911.98          
Summer 07/01-08/15 46.00 14.604142 671.7905 500 86.439% 290,344.26          
Fall 08/16-11/15 92.00 11.762141 1082.1170 500 90.351% 488,851.57          
Annual Daylight Hours for 500 Turbines (CC & SM) sum= 2,031,776.25      
With 17 Turbines Curtailed for 89.25 Days in Sierra Madre 4,063.552            

Season Day Range Days AveDayLen DayLtHr  Turbines % Operational Turbine-Hours*
Winter 11/16-01/31 77.00 9.409873 724.5602 298 94.468% 203,973.84          
Curtail 02/01-04/30 89.25 12.020020 1072.7868 281 93.496% 281,847.99          
Spring 05/01-06/30 61.00 14.864888 906.7582 298 92.019% 248,646.83          
Summer 07/01-08/15 46.00 14.604142 671.7905 298 85.087% 170,338.32          
Fall 08/16-11/15 92.00 11.762141 1082.1170 298 89.543% 288,749.36          
Annual Daylight Hours for 298 Turbines (Only SM) sum= 1,193,556.34      
With 17 Turbines Curtailed for 89.25 Days in Sierra Madre 4,005.223            

Season Day Range Days AveDayLen DayLtHr  Turbines % Operational Turbine-Hours*
Winter 11/16-01/31 77.00 9.409873 724.5602 202 96.258% 140,884.34          
Curtail 02/01-04/30 89.25 12.020020 1072.7868 202 94.582% 204,962.27          
Spring 05/01-06/30 61.00 14.864888 906.7582 202 94.049% 172,265.15          
Summer 07/01-08/15 46.00 14.604142 671.7905 202 88.434% 120,005.94          
Fall 08/16-11/15 92.00 11.762141 1082.1170 202 91.543% 200,102.21          
Annual Daylight Hours for 202 Turbines (Only CC) sum= 838,219.90          
No pre-planned curtailment in Chokecherry 4,149.603            

*TurbineHours = DayLtHr*Turbines*%Operational

Location
Teton Reservoir



This page intentionally left blank 



41

Appendix F:  Eagle Fatality Model Inputs and Results 

  



This page intentionally left blank 



42

Predicted Fatalities 

Golden Eagle, Chokecherry Sierra Madre combined, 103-m blade 

Golden Eagle, Chokecherry Sierra Madre combined, 120-m blade 

Bald Eagle, Chokecherry Sierra Madre combined, 103-m blade 

Bald Eagle, Chokecherry Sierra Madre combined, 120-m blade 

Golden Eagle, Chokecherry, 103-m blade 

Golden Eagle, Sierra Madre, 103-m blade 

Golden Eagle, Chokecherry, 120-m blade 

Golden Eagle, Sierra Madre, 120-m blade 

Bald Eagle, Chokecherry, 103-m blade 

Bald Eagle, Sierra Madre, 103-m blade 

Bald Eagle, Chokecherry, 120-m blade 

Bald Eagle, Sierra Madre, 120-m blade 
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Eagle Fatality Model Inputs and Results
Model inputs and results are combined for Chokecherry and for  Sierra Madre. 
Posterior from Year1 becomes the prior for Year2. 
Results from Year2 are a combination of data from Year1 and Year2.
Results from Year2 are the "final" predicted eagle fatalities. 
Fatalities are predicted for two different turbine blade lengths:  103-meter and 120-meter diameter blades.

"Year"  and 
Dates GOLDEN EAGLE Notes Location Radius

Survey 
Minutes

"Year 1" April 
2011 to July 
2012

GOEA minutes based on observation times in GIS file, 
adjusted for flight paths and volume adjusted for flight 
heights.  Daylight adjusted for 17 turbines curtailed for 
89.25 days in spring, plus ~8% non-operational period; 
includes data from RM15.

Chokecherry 
Sierra Madre 800 73,984   

"Year 2" 
August 2012 
to August 
2013

GOEA minutes from 4 survey periods, adjusted for flight 
heights. Daylight adjusted for 17 turbines curtailed for 
89 days in spring, plus ~8% non-operational period; does 
not include RM15.  Does not inlcude CC8, CC13, RM12 
and PG3 starting Fall 2012.. Year1 posterior becomes 
Year2 prior.  Model code modified to account for height 
(volume). 

Chokecherry 
Sierra Madre 800 48,784   

"Year"  and 
Dates GOLDEN EAGLE Notes Location Radius

Survey 
Minutes

"Year 1" April 
2011 to July 
2012

GOEA minutes based on observation times in GIS file, 
adjusted for flight paths and volume adjusted for flight 
heights.  Daylight adjusted for 17 turbines curtailed for 
89.25 days in spring, plus ~8% non-operational period; 
includes data from RM15.

Chokecherry 
Sierra Madre 800 73,984   

"Year 2" 
August 2012 
to August 
2013

GOEA minutes from 4 survey periods, adjusted for flight 
heights. Daylight adjusted for 17 turbines curtailed for 
89 days in spring, plus ~8% non-operational period; does 
not include RM15.  Does not inlcude CC8, CC13, RM12 
and PG3 starting Fall 2012.. Year1 posterior becomes 
Year2 prior.  Model code modified to account for height 
(volume). 

Chokecherry 
Sierra Madre 800 48,784   
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 Golden 
Eagle 

Minutes
Daylight 

Hours
Blade 

Length Turbines
Eagle 

Exposure
Exposure 
Std Dev

Average 
Fatality

Fatality 
Std Dev

80% UCI 
Fatality

164 4,063.6    103/2 500 0.443 0.0345 8.7 5.7 13

74 4,063.6    103/2 500 0.346 0.0224 6.8 4.5 10
Golden Eagle annual predicted fatalities with 103-m diameter blade = 10

 Golden 
Eagle 

Minutes
Daylight 

Hours
Blade 

Length Turbines
Eagle 

Exposure
Exposure 
Std Dev

Average 
Fatality

Fatality 
Std Dev

80% UCI 
Fatality

164 4,063.6    120/2 500 0.443 0.0344 12 7.8 17

74 4,063.6    120/2 500 0.347 0.0224 9.2 6.1 14
Golden Eagle annual predicted fatalities with 120-m diameter blade = 14
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"Year" and 
Dates BALD EAGLE Notes Location Radius

Survey 
Minutes

"Year 1" April 
2011 to July 
2012

BAEA minutes based on observation times in GIS file, 
adjusted for flight paths and volume adjusted for flight 
heights.  Daylight adjusted for 17 turbines curtailed for 
89.25 days in spring, plus ~8% non-operational period; 
includes data from RM15.

Chokecherry 
Sierra Madre 800 73,984   

"Year 2" 
August 2012 
to August 
2013

BAEA minutes from 4 survey periods, adjusted for flight 
heights. Daylight adjusted for 17 turbines curtailed for 
89 days in spring, plus ~8% non-operational period; does 
not include RM15.  Does not inlcude CC8, CC13, RM12 
and PG3 starting Fall 2012.. Year1 posterior becomes 
Year2 prior.  Model code modified to account for height 
(volume). 

Chokecherry 
Sierra Madre 800 48,784   

"Year" and 
Dates BALD EAGLE Notes Location Radius

Survey 
Minutes

"Year 1" April 
2011 to July 
2012

BAEA minutes based on observation times in GIS file, 
adjusted for flight paths and volume adjusted for flight 
heights.  Daylight adjusted for 17 turbines curtailed for 
89.25 days in spring, plus ~8% non-operational period; 
includes data from RM15.

Chokecherry 
Sierra Madre 800 73,984   

"Year 2" 
August 2012 
to August 
2013

BAEA minutes from 4 survey periods, adjusted for flight 
heights. Daylight adjusted for 17 turbines curtailed for 
89 days in spring, plus ~8% non-operational period; does 
not include RM15.  Does not inlcude CC8, CC13, RM12 
and PG3 starting Fall 2012.. Year1 posterior becomes 
Year2 prior.  Model code modified to account for height 
(volume). 

Chokecherry 
Sierra Madre 800 48,784   
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 Bald 
Eagle 

Minutes
Daylight 

Hours
Blade 

Length Turbines
Eagle 

Exposure
Exposure 
Std Dev

Average 
Fatality

Fatality 
Std Dev

80% UCI 
Fatality

32 4,063.6    103/2 500 0.0886 0.0154 1.7 1.2 2.6

0 4,063.6    103/2 500 0.0478 0.0084 0.94 0.79 1.4
Bald Eagle annual predicted fatalities with 103-m diameter blade = 1.4

 Bald 
Eagle 

Minutes
Daylight 

Hours
Blade 

Length Turbines
Eagle 

Exposure
Exposure 
Std Dev

Average 
Fatality

Fatality 
Std Dev

80% UCI 
Fatality

32 4,063.6    120/2 500 0.0884 0.0154 2.3 1.6 3.5

0 4,063.6    120/2 500 0.0477 0.0083 1.3 0.87 1.9
Bald Eagle annual predicted fatalities with 120-m diameter blade = 2
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Eagle Fatality Model Inputs and Results - GOLDEN EAGLE
Model inputs and data results are run separately for Chokecherry and for  Sierra Madre. 
Posterior from Year1 becomes the prior for Year2. 
Results from Year2 are a combination of data from Year1 and Year2.
Results from Year2 are the "final" predicted eagle fatalities. 
Fatalities are predicted for two different turbine blade lengths:  103-meter and 120-meter diameter blades.

"Year"  and 
Dates GOLDEN EAGLE Notes Location Radius

Survey 
Minutes

"Year 1" April 
2011 to July 
2012

GOEA minutes based on observation times in GIS file, 
adjusted for flight paths and volume adusted for flight 
heights.  Daylight  adjusted for about 7% non-
operational period, no seasonal curtailment. Chokecherry 800 26,925   

"Year 1" April 
2011 to July 
2012

GOEA minutes based on observation times in GIS file, 
adjusted for flight paths and volume adjusted for flight 
heights.  Daylight adjusted for 17 turbines curtailed for 
89.25 days in spring, plus ~9% non-operational period; 
includes data from RM15. Sierra Madre 800 47,059   

"Year 2" 
August 2012 
to August 
2013

GOEA minutes based on 4 survey periods, adjusted for 
flight heights. Daylight adjusted for ~7% non-operational 
period; no seasonal curtailment. Year1 posterior 
becomes Year2 prior.  Model code modified to account 
for height (volume).  Does not inlcude CC8, CC13 and 
RM12 starting Fall 2012. Chokecherry 800 18,364   

"Year 2" 
August 2012 
to August 
2013

GOEA minutes from 4 survey periods, adjusted for flight 
heights. Daylight adjusted for 17 turbines curtailed for 
89 days in spring, plus ~9% non-operational period; does 
not include RM15. Year1 posterior becomes Year2 prior.  
Model code modified to account for height (volume). Sierra Madre 800 30,420   
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 Golden 
Eagle 

Minutes
Daylight 

Hours
Blade 

Length Turbines
Eagle 

Exposure
Exposure 
Std Dev

Average 
Fatality

Fatality 
Std Dev

80% UCI 
Fatality

37 4,149.6    103/2 202 0.279 0.0455 2.3 1.5 3.3

127 4,005.2    103/2 298 0.540 0.0476 6.2 4.2 9.2

27 4,149.6    103/2 202 0.254 0.315 2.1 1.4 3.0

47 4,005.2    103/2 298 0.402 0.0304 4.6 3.1 6.8
Golden Eagle annual predicted fatalities with 103-m diameter blade = 10

Note:  because Chokecherry and Sierra Madre are analyzed independently, their
            results are rounded up before being added together.
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"Year"  and 
Dates GOLDEN EAGLE Notes Location Radius

Survey 
Minutes

"Year 1" April 
2011 to July 
2012

GOEA minutes based on observation times in GIS file, 
adjusted for flight paths and volume adusted for flight 
heights.  Daylight  adjusted for about 7% non-
operational period, no seasonal curtailment. Chokecherry 800 26,925   

"Year 1" April 
2011 to July 
2012

GOEA minutes based on observation times in GIS file, 
adjusted for flight paths and volume adjusted for flight 
heights.  Daylight adjusted for 17 turbines curtailed for 
89.25 days in spring, plus ~9% non-operational period; 
includes data from RM15. Sierra Madre 800 47,059   

"Year 2" 
August 2012 
to August 
2013

GOEA minutes based on 4 survey periods, adjusted for 
flight heights. Daylight adjusted for ~7% non-operational 
period; no seasonal curtailment. Year1 posterior 
becomes Year2 prior.  Model code modified to account 
for height (volume).  Does not inlcude CC8, CC13 and 
RM12 starting Fall 2012. Chokecherry 800 18,364   

"Year 2" 
August 2012 
to August 
2013

GOEA minutes from 4 survey periods, adjusted for flight 
heights. Daylight adjusted for 17 turbines curtailed for 
89 days in spring, plus ~9% non-operational period; does 
not include RM15. Year1 posterior becomes Year2 prior.  
Model code modified to account for height (volume). Sierra Madre 800 30,420   
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 Golden 
Eagle 

Minutes
Daylight 

Hours
Blade 

Length Turbines
Eagle 

Exposure
Exposure 
Std Dev

Average 
Fatality

Fatality 
Std Dev

80% UCI 
Fatality

37 4,149.6    120/2 202 0.280 0.0454 3.1 2.1 4.5

127 4,005.2    120/2 298 0.540 0.0477 8.5 5.6 12

27 4,149.6    120/2 202 0.254 0.0315 2.8 1.9 4.1

47 4,005.2    120/2 298 0.402 0.0304 6.3 4.1 9.2
Golden Eagle annual predicted fatalities with 120-m diameter blade = 15

Note:  because Chokecherry and Sierra Madre are analyzed independently, their
            results are rounded up before being added together.
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Eagle Fatality Model Inputs and Results - BALD EAGLE
Model inputs and data results are run separately for Chokecherry and for  Sierra Madre. 
Posterior from Year1 becomes the prior for Year2. 
Results from Year2 are a combination of data from Year1 and Year2.
Results from Year2 are the "final" predicted eagle fatalities. 
Fatalities are predicted for two different turbine blade lengths:  103-meter and 120-meter diameter blades.

"Year" and 
Dates BALD EAGLE Notes Location Radius

Survey 
Minutes

"Year 1" April 
2011 to July 
2012

BAEA minutes based on observation times in GIS file, 
adjusted for flight paths and volume adusted for flight 
heights.  Daylight  adjusted for about 7% non-
operational period, no seasonal curtailment. Chokecherry 800 26,925   

"Year 1" April 
2011 to July 
2012

BAEA minutes based on observation times in GIS file, 
adjusted for flight paths and volume adjusted for flight 
heights.  Daylight adjusted for 17 turbines curtailed for 
89.25 days in spring, plus ~9% non-operational period; 
includes data from RM15. Sierra Madre 800 47,059   

"Year 2" 
August 2012 
to August 
2013

BAEA minutes based on 4 survey periods, adjusted for 
flight heights. Daylight adjusted for ~7% non-operational 
period; no seasonal curtailment. Year1 posterior 
becomes Year2 prior.  Model code modified to account 
for height (volume).  Does not inlcude CC8, CC13 and 
RM12 starting Fall 2012. Chokecherry 800 18,364   

"Year 2" 
August 2012 
to August 
2013

BAEA minutes from 4 survey periods, adjusted for flight 
heights. Daylight adjusted for 17 turbines curtailed for 
89 days in spring, plus ~9% non-operational period; does 
not include RM15. Year1 posterior becomes Year2 prior.  
Model code modified to account for height (volume). Sierra Madre 800 30,420   
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 Bald 
Eagle 

Minutes
Daylight 

Hours
Blade 

Length Turbines
Eagle 

Exposure
Exposure 
Std Dev

Average 
Fatality

Fatality 
Std Dev

80% UCI 
Fatality

10 4,149.6    103/2 202 0.0807 0.0244 0.65 0.53 0.97

22 4,005.2    103/2 298 0.0969 0.0202 1.1 0.78 1.6

0 4,149.6    103/2 202 0.0429 0.013 0.35 0.26 0.51

0 4,005.2    103/2 298 0.0528 0.0111 0.61 0.51 0.9

Bald Eagle annual predicted fatalities with 103-m diameter blade = 2

Note:  because Chokecherry and Sierra Madre are analyzed independently, their
            results are rounded up before being added together.
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"Year" and 
Dates BALD EAGLE Notes Location Radius

Survey 
Minutes

"Year 1" April 
2011 to July 
2012

BAEA minutes based on observation times in GIS file, 
adjusted for flight paths and volume adusted for flight 
heights.  Daylight  adjusted for about 7% non-
operational period, no seasonal curtailment. Chokecherry 800 26,925   

"Year 1" April 
2011 to July 
2012

BAEA minutes based on observation times in GIS file, 
adjusted for flight paths and volume adjusted for flight 
heights.  Daylight adjusted for 17 turbines curtailed for 
89.25 days in spring, plus ~9% non-operational period; 
includes data from RM15. Sierra Madre 800 47,059   

"Year 2" 
August 2012 
to August 
2013

BAEA minutes based on 4 survey periods, adjusted for 
flight heights. Daylight adjusted for ~7% non-operational 
period; no seasonal curtailment. Year1 posterior 
becomes Year2 prior.  Model code modified to account 
for height (volume).  Does not inlcude CC8, CC13 and 
RM12 starting Fall 2012. Chokecherry 800 18,364   

"Year 2" 
August 2012 
to August 
2013

BAEA minutes from 4 survey periods, adjusted for flight 
heights. Daylight adjusted for 17 turbines curtailed for 
89 days in spring, plus ~9% non-operational period; does 
not include RM15. Year1 posterior becomes Year2 prior.  
Model code modified to account for height (volume). Sierra Madre 800 30,420   
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 Bald 
Eagle 

Minutes
Daylight 

Hours
Blade 

Length Turbines
Eagle 

Exposure
Exposure 
Std Dev

Average 
Fatality

Fatality 
Std Dev

80% UCI 
Fatality

10 4,149.6    120/2 202 0.0808 0.0245 0.89 0.66 1.3

22 4,005.2    120/2 298 0.0969 0.0203 1.5 1.3 2.2

0 4,149.6    120/2 202 0.0427 0.013 0.47 0.35 0.7

0 4,005.2    120/2 298 0.0527 0.011 0.82 0.58 1.2

Bald Eagle annual predicted fatalities with 120-m diameter blade = 3

Note:  because Chokecherry and Sierra Madre are analyzed independently, their
            results are rounded up before being added together.
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Appendix G:  Example of Model Code Used to Predict Eagle Fatalities 
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The following is an example of the model code and inputs used by the U.S. Fish and Wildlife Service 
to predict the number of bald eagle and golden eagle fatalities at the Chokecherry Sierra Madre 
Phase 1 Project.  The description, inputs and results of the twelve different model runs are 
presented in Appendix F.   
 
In the example below, differences between the model runs are identified.  Comments and other 
explanatory notes that may differ between model runs are highlighted in yellow.  Changes to the 
model inputs or the model code are identified by red, bolded text and are highlighted in yellow.  
These changes, which are also identified by sequential numerals surrounded by asterisks and 
parentheses, are further explained here:    
 
(*1*) – Description of the model run, including area (e.g., Chokecherry) and year (e.g., Year 1) 
(*2*) – Number of turbines (i.e., 500, 298, or 202) 
(*3*) – Blade length (i.e., 120- or 103-meter blade) 
(*4*) – Description of the run,  

Number of eagle minutes 
Number of counts (total observation minutes / 60) 
Daylight hours (see Appendix E) 

(*5*) – Adjust sample volume (e.g., 150 or 200 meters / 100) 
(*6*) – For all 12 runs, the priors for Year 1 were adjusted to account for non-standard volume 
(*7*) – The posteriors for Year 1 were used as the priors for Year 2 
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# Example Code for Model Run 
# CC & SM West for GOEA with 120-m rotor blade Yr1Pooled and Yr2Pooled 
# all eagle observations were recorded up to 150-m 
# requires FWS functions R2Gamma.R, FatalFcns.R, and RVSmry.R and the R packages rv and 
#      maptools 
 
### Chokecherry Sierra Madre West Yr1 - below 150m ### 
 
cProject<-"CCSM_West_Yr1_150m"       #project ID                                                                                (*1*) 
nTurbine<-c(500)                                        #number of turbines                                                                (*2*) 
HazRadKm<-c(120/2/1000)       #radius of hazardous area around each turbine(in kilometers)      (*3*) 
HzKM2<-(nTurbine*pi*HazRadKm^2)    # hazardous area will be converted to volume later 
CntHr<-c(1)                                                  # count duration (in hours) 
 
## Create the "ExpSvy" data frame (Eagle Minutes observed, number of counts conducted, 
#           the area observed at each observation point, and the future daylight hours),  
#           includes some observed EMin with no ht recorded 
 
# (*4*) 
ExpSvy<-data.frame(row.names=c(“CCSM_Y1-150m”), 
                   EMin=c(164),  
                   nCnt=c(1233.067), 
                   CntKM2=c(pi*0.8^2), 
                   DayLtHr=c(4063.552)) 
 
# DayLtHr includes ~8% non-operational hours annually (17 turbines curtailed 89.25 days in spring) 
 
AddTot<-FALSE             #Add strata for total (TRUE) or not (FALSE) 
## Analysis Inputs ## 
UCI<-c(0.5,0.8,0.9,0.95) 
nSims<-100000 
setnsims(nSim) 
PlotFile<-NULL 
 
## Survey Inputs ## 
nSvy<-nrow(ExpSvy) 
cSvy<-(rownames(ExpSvy)) 
 
## Modified expansion and offset calculations 
# we multiply the “offset” (the sampling effort that goes with the eagle minutes observed  
#       and is used to calculate the exposure) by 150-m (0.15 km) to give us eagle mins per hr*km^3 
# (*5*) 
Height <- c(0.15)                                                                                                                                               
SmpHrKM3<- with(ExpSvy,nCnt*CntHr*CntKM2*Height)  
 
# we multiply the "expansion factor" (the product of operational daylight hours and  
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#       hazardous area) by 200-m (0.2 km) 
ExpFac<- ExpSvy$DayLtHr*HzKM2*.2 
 
# Calculate the fatalities and store as a temporary object.                                                                     (*6*) 
tmp<-with(ExpSvy,mapply(simFatal,EMin=EMin,SmpHrKM2=SmpHrKM3,ExpFac=ExpFac, 
                        aPriExp=0.9684375,bPriExp=0.5519703,aPriCPr=2.31,bPriCPr=396.69, 
                        SIMPLIFY=FALSE)) 
 
# Put the survey specific simulations in an rv vector. 
Fatalities<-rvnorm(nSvy) 
Exp<-data.frame(Mean=rep(NA,nSvy),SD=NA,row.names=cSvy) 
for(i in 1:nSvy){ 
  # i<-1 
  Fatalities[i]<-tmp[[i]] 
  Exp[i,]<-attr(tmp[[i]],"Exp") 
} 
rm(tmp)  
names(Fatalities)<-cSvy 
 
# Summarize 
nSvy<-length(Fatalities) 
if(is.null(nSvy))nSvy<-1 
FatalStats<-RVSmry(cSvy,Fatalities,probs=UCI) 
if(AddTot){ 
  FatalStats<-rbind( 
    FatalStats, 
    RVSmry("Total",sum(Fatalities),probs=UCI))} 
# Determine Yr2 exposure prior parameters from the Yr1 exposure posterior 
Prior2<-N2Gamma(mn=Exp$Mean,sd=Exp$SD) 
 
# define objects to pull into the simFatal function for Year2 
aPriExpY2<-Prior2[1] 
bPriExpY2<-Prior2[2] 
 
### Chokecherry Sierra Madre West Yr2 ### 
 
cProject<-"CCSM_West_Yr2"                  #project ID to associate with model outputs                       (*1*) 
nTurbine<-c(500)                                       #number of turbines                                                                 (*2*) 
HazRadKm<-c(120/2/1000)       #radius of hazardous area around each turbine (in kilometers)     (*3*) 
HzKM2<-(nTurbine*pi*HazRadKm^2)   # hazardous area will be converted to volume 
 
# (*4*) (*5*) 
## Create the “ExpSvy” data frame by pooling data 
EMinPooled<-sum(9,26,30,3,6) 
SmpHr<-c(5520/60,10534/60,14370/60,9660/60,8700/60) 
SmpKM2<-pi*0.8^2 
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SmpHt<-c(0.15,0.2,0.2,0.2,0.2) 
SmpHrKM3Pooled<-sum(SmpKM2*SmpHr*SmpHt)  
 
ExpSvy<-data.frame(row.names=c(“Yr2_Pooled”), 
                   Emin=EminPooled, 
                   SmpHrKM3=SmpHrKM3Pooled,  
                   DayLtHr=4063.552) 
 
# DayLtHr includes ~8% non-operational hours annually (17 turbines curtailed 89.25 days in spring) 
 
AddTot<-FALSE           #Add strata for total (TRUE) or not (FALSE) 
 
## Analysis Inputs (if different than Year 1)## 
## Survey Inputs ### 
nSvy<-nrow(ExpSvy) 
cSvy<-(rownames(ExpSvy)) 
 
## Modified expansion and offset calculations 
ExpFac<- ExpSvy$DayLtHr*HzKM2*.2 
 
# Calculate the fatalities and store as a temporary object.                                                                     (*7*) 
tmp<-mapply(simFatal,EMin=ExpSvy$EMin,SmpHrKM2=ExpSvy$SmpHrKM3,ExpFac=ExpFac, 
            aPriExp=aPriExpY2,bPriExp=bPriExpY2,aPriCPr=2.31,bPriCPr=396.69, 
            SIMPLIFY=FALSE) 
 
# Put the survey specific simulations in an rv vector. 
Fatalities<-rvnorm(nSvy) 
Exp<-data.frame(Mean=rep(NA,nSvy),SD=NA,row.names=cSvy) 
for(i in 1:nSvy){ 
  # i<-1 
  Fatalities[i]<-tmp[[i]] 
  Exp[i,]<-attr(tmp[[i]],"Exp") 
} 
rm(tmp)  
names(Fatalities)<-cSvy 
 
# Summarize the surveys, including a total if needed. 
nSvy<-length(Fatalities) 
if(is.null(nSvy))nSvy<-1 
FatalStats<-RVSmry(cSvy,Fatalities,probs=UCI) 
if(AddTot){ 
  FatalStats<-rbind( 
    FatalStats, 
    RVSmry("Total",sum(Fatalities),probs=UCI) 
  )} 



 

 

Appendix J 
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Date:  October 14, 2014 
 
To: Garry Miller, Vice President, Land and Environmental Affairs, Power Company of 
Wyoming LLC, 555 Seventeenth Street, Suite 2400, Denver, CO 80202 
 
From:  Dr. Joshua J. Millspaugh, O’Connor Distinguished Professor of Wildlife 
Management, Department of Fisheries and Wildlife Sciences, University of Missouri, 302 
Natural Resources Building, Columbia, MO 65211 
 
Subject:  Expert Report – Estimates of Eagle Fatalities 
 

 
I. Executive Summary and Expert Opinions 
 
Using the U.S. Fish and Wildlife Service (USFWS or Service) Eagle Fatality Model, I was 
asked to estimate golden eagle and bald eagle fatalities for the final project design for Phase I 
of the Chokecherry and Sierra Madre Wind Energy Project.  I also completed an evaluation 
of certain aspects of the model and how the Service applied eagle data collected on the site to 
estimate eagle fatalities.  Given issues I identified with assumptions of the Service’s model, 
as applied to the project site, which were first outlined in my report dated September 7, 2012, 
I modified several assumptions in the Service’s model to account for site-specific 
characteristics of the project site to provide an estimate of eagle fatalities.  I compared these 
eagle fatality estimates from the modified model to estimates provided by the Service for the 
final Phase I project design.  My opinions are based upon my training, experience, education, 
and expertise in wildlife ecology and the application of statistical techniques and tools to 
address conservation issues.    
 
The Service’s Eagle Fatality Model maintains assumptions with questionable applicability to 
the Project.  My examination of the model shows that the Service appropriately modified two 
assumptions I discussed in my report dated September 7, 2012, namely (1) the assumption 
that turbines operate during all daylight hours, all year long was modified to more accurately 
reflect the amount of time that turbines are operational; and (2) the assumption that eagles are 
at risk whether they fly above, below, or at rotor height was modified to exclude eagles 
flying above the rotor height.  While I believe that it is also appropriate to assume that eagles 
flying below the rotor height are not at risk, the Service’s modified assumption is more 
realistic than previously applied.  However, while these two assumptions were improved, my 
present examination shows that the model continues to assume an infinite population of 
eagles exposed on the site, which has the effect of overestimating the number of predicted 
eagle fatalities for Phase I of the Chokecherry and Sierra Madre Wind Energy Project. 
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Further, my examination of the Service’s model for the final project design reveals that: (1) 
the Service’s approach to modeling curtailment could be refined to be more realistic and (2) 
there is a need to model season-specific risk of mortalities to obtain a more realistic fatality 
estimate.  Data are available to address the infinite population assumption, the proper 
modeling of curtailment and the season-specific risk; therefore, my estimates of eagle 
fatalities detailed below incorporated these three assumptions.  Further, the Service’s model 
requires only slight modification to account for these more appropriate assumptions.   
 
In addition to concerns regarding model assumptions, I have reservations about how the 
Service applied eagle use data from the site to estimate eagle fatalities using their model.  I 
evaluated how eagle minute use data were applied in the model based on the final Phase I 
project design.  In particular, my review determined that (1) the Service’s summary of eagle 
minutes is biased upwards, which is acknowledged by the Service, but is not adjusted; and 
(2) the rules used by the Service to include and exclude data are ambiguous, which leads to 
the inclusion of eagle minute use data which are not appropriate.   
 
Start and end times of eagle observations were recorded in hours and minutes and did not 
include seconds.  The Eagle Conservation Plan Guidance recommends including rounding 
time of each eagle observation to the next highest integer.  Thus, an eagle observed for 1 
minute and 10 seconds would equate to 2 eagle minutes (U.S. Fish and Wildlife Service 
Summary Document for Review of Eagle Use Data and Eagle Fatality Prediction Analysis for the 
Chokecherry and Sierra Madre Wind Energy Project Phase 1, hereafter referred to as Summary 
Document, page 5).  Because seconds were not provided, the number of eagle minutes was 
rounded to include all minutes in which eagles were observed (see Summary Document, page 
5).  As noted by the Service, “this method may inflate the number of eagle minutes, but it 
ensures the number of eagle minutes is not underestimated” (see Summary Document, page 
5).  Such an approach, when added to other assumptions of the Service’s model, 
demonstrates a high emphasis on being risk averse, which causes the model to further 
overestimate the number of predicted eagle fatalities.  To address this issue, simulations were 
run to address the expected bias in eagle minutes using this approach.  Assuming start 
seconds and end seconds within an integer minute are random and that counts contain at least 
2 integer minutes (e.g., 13:10 - 13:11), the straight subtraction approach (e.g., 13:10 - 13:11 = 
1 minute) underestimates eagle minutes by about 1 second every time a count is 
conducted.  The Service’s approach (e.g., 13:10 - 13:11 = 2 minutes) overestimates eagle 
minutes by about 59 seconds every time a count is conducted.  Given the level of expected 
bias, I adjusted eagle minutes to obtain a more realistic estimate of eagle minutes given the 
available data.   
 
Last, I have general concerns related to some decisions made by the Service regarding which 
eagle minute data to include or exclude.  My main concern is related to the inclusion of eagle 
use data recorded in areas that do not have turbines in the final Phase I project layout.  
Because turbines were not placed in these avoidance areas, due to potentially high eagle 
activity within those areas, eagle minutes within those areas should not contribute to 
estimated mortality.  As currently applied, the estimated fatalities will be the same whether or 
not turbines are actually placed within avoidance areas with relatively high eagle activity.  
Although there are actually fewer eagle minutes when eagle minute data from these areas are 
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removed, the exposure rate is greater because many point counts outside the project footprint 
did not have any observed eagle minutes, thus estimated fatalities increase by excluding these 
data in the model. 
 
Using the Service’s model as a basis for estimating annual eagle fatalities, I modified the 
Service’s model to provide a more realistic estimate of eagle fatalities.  I maintained the 
structure and general approach taken by the Service in developing the model, but made 
biologically reasonable and supportable modifications.  To more appropriately reflect the 
final Phase I project conditions: (1) I modified the Service’s Model to directly account for 
abundance on the site rather than assuming an infinite population (the number of fatalities is 
a function of the number of eagles at risk); (2) I modeled curtailment by removing minutes 
from point counts within 800 m of turbines that will be shut down during the curtailment 
season; (3) I modeled season-specific risk of fatality by estimating fatalities for each season 
instead of annually; (4) I applied a bias correction to eagle minute use data; and (5) I 
removed eagle minutes recorded within areas that do not have turbines in the final layout. 
 
I produced eagle fatality estimates, for both golden eagles and bald eagles separately, by 
modifying all assumptions simultaneously.  I then compared the model output based on  
more appropriate assumptions for the project site and available eagle minute use data to eagle 
fatality estimates generated by the Service at the 80% quantile, which is used by the Service 
to estimate risk to eagles.  The median number of estimated fatalities is also provided.  The 
interpretation of a value at the 80% quantile means there is an 80% chance that x number of 
eagles or fewer are predicted to be removed at the wind energy site each year.  The value at 
the 80% quantile should not be interpreted to mean that value equates to the number of eagle 
fatalities that will occur each year.  Reliance on the 80% quantile value is very conservative 
and model results suggest the actual number of eagle fatalities is likely to be fewer than the 
80% quantile value in most model runs.  This conservative benchmark is added on top of the 
already risk-averse approach taken to develop the model. 
 
Assuming a 120 meter turbine blade, and the more appropriate modifications of the data and 
assumptions described above, the 80% quantile value was 9 or fewer golden eagle fatalities.  
The median estimated number of annual fatalities was 7 golden eagles.  The Service 
estimated 14 golden eagle fatalities, at the 80% quantile, using the same scenario.  Using the 
same assumptions, the 80% quantile value was 2 or fewer bald eagle fatalities, with a median 
estimated number of annual fatalities of 1.  The Service estimated 2 bald eagle fatalities, at 
the 80% quantile, using the same scenario.  In my opinion, model estimates when 
assumptions are modified to reflect project conditions results in a more realistic estimate of 
eagle fatalities for the Phase I project site.      
 
II. Relevant Experience and Expertise 

 
My experience and expertise are in wildlife ecology and the application of statistical 
techniques and models to address conservation issues.  I am providing a summary here of my 
relevant experience and expertise.  Currently, I am a full professor and the Pauline O’Connor 
Distinguished Professor of Wildlife Management in the School of Natural Resources, 
Department of Fisheries and Wildlife Sciences, University of Missouri.  I have a Ph.D. in 
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Wildlife Ecology from the College of Forest Resources, University of Washington, Seattle.  I 
did postdoctoral studies in quantitative ecology at the School of Aquatic and Fishery 
Sciences, University of Washington.  Selected honors and awards include being named a 
Fellow of The Wildlife Society in 2014, a 2008 award from the U.S. Department of 
Agriculture for National Teacher of the Year, a 2007 award from the Wildlife Society for 
Best Article (with Steve Buskirk), and a 2005 award from the Missouri Department of 
Conservation for “Outstanding Research Collaborator of the Year.”  In 2013, I was the 
inaugural recipient of the Southeastern Athletic Conference Faculty Achievement  Award at 
the University of Missouri which “honors professors with outstanding records in teaching 
and scholarship who serve as role models for other faculty and students.” 
 
I have obtained about 60 grants and contracts as either PI or Co-PI since starting my faculty 
position in 1999 from diverse funding sources such as the U.S. Fish and Wildlife Service, 
National Fish and Wildlife Foundation, National Science Foundation, U.S. Forest Service, 
National Park Service, and the National Renewable Energy Lab.  One recent grant is for the 
period 2011-2016 to study the Ecology of Greater Sage-grouse in Relation to Wind Energy 
Development in Wyoming.  This study is being funded by the U.S. Forest Service, National 
Renewable Energy Lab, National Fish and Wildlife Foundation, Power Company of 
Wyoming (PCW), Wyoming Game and Fish Department, Bureau of Land Management, 
Western Association of Fish and Wildlife Agencies, and National Wind Coordinating 
Collaborative. 
 
I have published 4 books and about 185 peer-reviewed journal articles and book chapters.  
Three books are directly applicable:  (1) Models for Planning Wildlife Conservation in Large 
Landscapes, 2009, Millspaugh, J.J. and F.R. Thompson, III, editors, Academic Press, 674 
pages; (2) Design and Analysis of Long-Term Ecological Monitoring Studies, 2012, Gitzen, 
R.A., J.J. Millspaugh, A.B. Cooper, and D.S. Licht, editors. Cambridge University Press, 600 
pages; and (3) Wildlife Demography: Analysis of Sex, Age, and Count Data, 2005, Skalski, 
J.R., K.E. Ryding, and J.J. Millspaugh, Elsevier Science, 656 pages.  In addition to these 
publications, I have been an invited plenary speaker at national and international conferences 
to discuss the application of statistical techniques and models in wildlife ecology and 
management.   
 
I have applied and evaluated statistical techniques and models in addressing conservation 
issues for a broad range of species, including mammals, avifauna, reptiles, and amphibians.  
For example, at the request of the Wisconsin Department of Natural Resources, I chaired an 
international panel of experts in evaluating data and models the agency uses to monitor and 
estimate white-tailed deer population demographics.  Specifically, we evaluated the validity 
of the assumptions of their population reconstruction model, assessed adjustments made in 
the model by state personnel, and offered guidance on future applications.  I was the senior 
author on a paper published in the Journal of Wildlife Management in 2009 that summarized 
our findings.  A second example relates to my continued development of animal movement 
and habitat models.  In addition to applying these statistical models to diverse taxa ranging 
from hellbenders to elephants, I have collaboratively developed new statistical approaches to 
analyzing such data and rigorously evaluated methodology.  Specifically, my colleagues and 
I were among the first to apply discrete choice models in a wildlife context and we pioneered 



 5 

the development of resource utilization functions, both of which have become standard 
modeling tools for ecologists over the past decade.  Thus, my experience and expertise are 
directly applicable to the analysis I was asked to perform. 

 
III. Review and Critical Analysis of the Assumptions and Estimates of the Eagle 

Fatality Model for the Chokecherry and Sierra Madre Wind Energy Project  
 

In September 2014, I was asked to perform a review and critical analysis of the assumptions 
of U.S. Fish and Wildlife Service’s (USFWS or Service) Eagle Fatality Model and the eagle 
fatality estimates for the Chokecherry and Sierra Madre Wind Energy Project derived by the 
Service.  Given issues I identified with the data used in the Service’s model and the 
assumptions of the Service’s model, as applied to the project site, I modified the input data 
and the Service’s model to make the assumptions more appropriate and reflective of project 
conditions to estimate eagle fatalities.  I then generated eagle fatality estimates and compared 
the estimates from the modified model to the Service’s estimates created using the Service’s 
data and assumptions. 
 
My current review estimates golden eagle and bald eagle fatalities for the final project 
design.  My opinions are based upon my training, experience, education and my expertise in 
wildlife ecology and the application of statistical techniques and tools to address 
conservation issues.   
  

A. Documents and Data Examined and Scope of Review 
 
In this review, I examined several documents, site-specific data used in the model, and the 
Service’s model which has been modified since my last review.  Further, I considered my 
firsthand knowledge of the site and discussions with SWCA personnel.  Below I detail the 
specific materials I reviewed and considered in my evaluation.   
 
(1) Draft Eagle Conservation Plan Guidance released by the Service in January 2011 that 
describes a process for wind energy developers when preparing an Eagle Conservation Plan 
(ECP) to assess the risk of projects to eagles and assess how siting, design, and operational 
modifications can mitigate that risk, specifically, Appendix D, Description of the Service’s 
Model;   
(2) Eagle Conservation Plan Guidance Module 1 Land-based Wind Energy Technical 
Appendices released by the Service in August 2012 that updated the technical appendices in 
the Draft Eagle Conservation Plan Guidance; 
(3) U.S. Fish and Wildlife Service Summary Document for Review of Eagle Use Data and 
Eagle Fatality Prediction Analysis for the Chokecherry and Sierra Madre Wind Energy 
Project Phase 1 produced by the U.S. Fish and Wildlife Service, Region 6,Wyoming 
Ecological Services Field Office and Region 6 Migratory Bird Management Office dated 
May 27, 2014 (hereafter referred to as Summary Document); 
(4) Power Company of Wyoming’s Eagle Conservation Plan (draft dated August 2014); 
(5) The site-specific eagle data collected at the project site;  
(6) Service’s model and their list of assumptions used in the model; 
(7) Service’s model as applied to the final project design;  
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(8) Discussions with SWCA about data collection and data analysis; and 
(9) Papers that were cited by the Service as support for model development and assumptions.   
 
 B.  Experience with the Project and Eagle Data Collected  
 
I am familiar with the Chokecherry and Sierra Madre Wind Energy Project, how the eagle 
data were collected by SWCA, and how the data were analyzed by SWCA.  I have previously 
reviewed the Service’s eagle fatality model and provided a report to PCW and the Service in 
September 2012.  
 
I am currently leading a study at the Chokecherry and Sierra Madre Wind Energy Project that 
investigates the ecology of male Greater sage-grouse in relation to construction of the wind 
energy facility.  I have also been collaborating on a companion female Greater sage-grouse 
project on the site since the spring of 2010 and leading the habitat component of that project.  
Given my role in these sage-grouse projects, I have made extensive site visits across the 
project site.  I recently completed one graduate student, and currently supervise one graduate 
student and one research associate in association with this sage-grouse research.  I have also 
made a few separate trips to Denver, Colorado to meet and discuss my collaborative sage-
grouse research with SWCA and PCW personnel.   
 
Because of site visits and my research activities at the project site, I am knowledgeable of the 
topography, landscape, and location where the eagle data were collected.  I was accompanied 
by SWCA personnel during most of my time on the project site and we discussed how and 
where the eagle data were collected.   
 
I reviewed the raptor survey program implemented by SWCA including the long watch 
raptor survey methodology.   
 

C.  Assumptions and Data Used in the Service’s Eagle Fatality Model 
 
My September 12, 2012 report to PCW and the Service described the Service’s eagle fatality 
model, its assumptions, and implications of applying those assumptions to estimating eagle 
fatalities for the Chokecherry and Sierra Madre Wind Energy Project.  Since that report, the 
Service has modified their model to account for two issues that I raised.  Specifically, the 
Service modified their model for current estimates of eagle fatalities to address the 
assumption (1) that eagles are not vulnerable to collision when their flight height is above the 
turbine blades and (2) that turbines do not rotate all daylight hours, for 365 days per year.  
These modifications were appropriate, resulting in more realistic estimates of fatality than 
were previously presented.  My present examination has shown that the model continues to 
assume an infinite population of eagles exposed on the site.  Further, my examination 
revealed that modifications to the project design required the Service to modify their model 
to account for curtailment of turbine activity.   
 
In addition to evaluating model assumptions in light of the current project design, I evaluated 
how the Service applied eagle minute use data in their eagle fatality model with emphasis on 
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two key areas including (1) how data were summarized and (2) which data were included and 
excluded by the Service to estimate eagle fatalities for the project.   
 
Set out below is a discussion of the assumptions of the Service’s model that should be 
modified to more appropriately model eagle fatalities at the site.  Further, I discuss how data 
were summarized and rules for including and excluding eagle minute data as applied by the 
Service to estimate eagle fatalities for Phase I.  This section identifies modifications to the 
Service’s Model that are required to ensure the model is more appropriately applied to the 
project. 
  
  i.  Assumptions 
 
(1) There is an infinite population of eagles exposed on the site.  The Service assumes an 
open population in the Model.  It is more accurate to state that the Model assumes an infinite 
number of eagles at the site, and immediate replacement of an eagle with another eagle after 
a fatality event, because in the Model fatality due to turbine collision does not reduce eagle 
abundance.  The open population assumption might provide a mechanism for the assumption 
of an infinite population, and immediate replacement due to a fatality, but what matters in the 
model is that eagle abundance, or more specifically potential eagle exposure, does not 
decline as a result of eagle fatalities.  This assumption has the practical influence of each 
eagle fatality resulting in immediate replacement by another eagle (i.e., the exposure rate 
does not change with an eagle fatality).  The stated open population assumption assumes we 
know the process that leads to an infinite population and immediate replacement due to an 
eagle fatality.  The implication of this assumption is that it is possible to predict more eagle 
fatalities on the site than eagles that exist currently on the site. 
 
(2) The daylight hours used to calculate exposure rate are accurately represented by a mean 
value for each turbine across the entire year (Summary Document, page 40).  This 
assumption relates to the methods applied by the Service to model proposed curtailment of 
turbine activities.  This approach accounts for reduced daylight hours due to 17 turbines shut 
down near nest 162 for 89.25 days, but it further spreads the reduction in daylight hours 
equally among all turbines.  To fully account for decreased risk, any surveys that overlap 
with these 17 turbines both spatially and temporally should be treated as ‘unrepresentative’ 
habitat.   
 
(3) The model assumes that risk of fatality is the same across the year.  Given available eagle 
minute use data, it is apparent that risk of fatality is not equal across the year, but the model 
assumes an average value of risk across the year.  Information is lost when eagle minutes are 
pooled across the entire year.  For example, the peak number of golden eagle minutes in year 
2 occurs in winter (Summary Document, page 35).  This time coincides with the greatest 
percent daylight operational hours (see Summary Document, page 39).  It would be more 
appropriate to consider distinct seasonal conditions of both eagle use and daylight operational 
hours rather than spreading that risk out across the entire year.   
 
(4) The Service assumes that the 80% quantile is an appropriate measure of the risk of eagle 
fatalities on a site.  Output of the Service’s Model is a probability distribution of predicted 
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eagle fatalities on an annual basis.  The Service has used the 80% quantile as a basis for 
interpretation.  In August 2012, the Service acknowledged that focus on the 80% quantile is 
conservative and was a policy decision.  Most importantly, the interpretation of a value at the 
80% quantile means there is an 80% chance that x number of eagles or fewer are predicted to 
be removed at the wind energy site.  The value at the 80% quantile should not be interpreted 
to mean that value equates to the number of eagle fatalities.  This conservative benchmark is 
added on top of the already risk averse approach taken to develop the Model. 
 
In conclusion, my examination of the Service’s Eagle Fatality Model revealed that although 
some of the previous assumptions have been appropriately modified in current estimates of 
eagle fatalities (i.e., eagles are not considered at risk when flight height is above the rotor 
swept region and it is not assumed turbines rotate during all daylight hours, 365 days per 
year), there remain a few questionable assumptions given the final project design and 
currently available data.  This report, however, focuses on 3 specific assumptions made by 
the Service’s Model (1) that there is an infinite population of eagles exposed on the site each 
year; (2) how curtailment activities are modeled; and (3) that risk to eagles is constant across 
the year.  By not verifying the validity and reasonableness of these assumptions, the Model 
might result in an unrealistic number of predicted eagle fatalities for Phase I of the 
Chokecherry and Sierra Madre Wind Energy Project.  I focused on these 3 assumptions 
because (1) they are questionable; (2) data are available to address these assumptions; and (3) 
the Service’s model requires only slight modification to account for these assumptions so that 
they more appropriately reflect the project conditions, resulting in a more realistic estimate of 
eagle fatalities for Phase I.   
 
  ii.  Data Used 
 
1.  How eagle minute data were summarized to estimate eagle fatalities.  A primary issue 
related to the eagle minute data relates to the “rounding up” of eagle use minutes to estimate 
eagle fatalities.  Start and end times of eagle observations were recorded in hours and 
minutes and did not include seconds.  The Eagle Conservation Plan Guidance recommends 
including rounding time of each eagle observation to the next highest integer.  Thus, an eagle 
observed for 1 minute and 10 seconds would equate to 2 eagle minutes (see Summary 
Document, page 5).  Because seconds were not provided, the number of eagle minutes was 
rounded to include all minutes in which eagles were observed (see Summary Document, page 
5).  So, if an observation was recorded at 08:01 and 08:02, the total number of minutes would 
be 2.  As noted by the Service, “this method may inflate the number of eagle minutes, but it 
ensures the number of eagle minutes is not underestimated” (see Summary Document, page 
5).  Such an approach, when added to other assumptions of the Service’s model, 
demonstrates a high emphasis on being risk averse and highly conservative, which errs on the 
side of overestimating the number of predicted eagle fatalities.  The degree of risk that is 
tolerable should be made transparent, not embedded repeatedly in a non-quantifiable way in 
the building of a model to predict outcomes.  The best scientific practice would be to develop 
the most realistic model possible, apply the model, and explain to the policy makers how to 
interpret and use model output as they determine the acceptable degree of risk.  It is 
important to avoid confusing best scientific practices with policy when developing a model. 
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To address this issue, simulations were run to address the expected bias in eagle minutes 
using this approach (Appendix A).  Assuming start seconds and end seconds within an 
integer minute are random and that counts contain at least 2 integer minutes (e.g., 13:10 - 
13:11), the straight subtraction approach (e.g., 13:10 - 13:11 = 1 minute) underestimates 
eagle minutes by about 1 second every time a count is conducted.  The Service approach 
(e.g., 13:10 - 13:11 = 2 minutes) overestimates eagle minutes by about 59 seconds every time 
a count is conducted.  Given the level of expected bias and the available data, it is possible to 
adjust eagle minutes based on this level of bias to obtain a more realistic estimate of eagle 
minutes.   
 
2.  Which data were included and excluded by the Service to estimate eagle fatalities for the 
project.  The rules used by the Service to include and exclude data seem ambiguous and non-
repeatable.  It would be appropriate to provide rules that a third party could objectively apply 
and arrive at the same conclusion about which data to include or exclude.  Further, it would 
be appropriate to apply the rules in the same manner across years.  Below are examples of 
concerns regarding the inclusion and exclusion of some point-count data:  
 
(A) It is unclear why data from point-counts conducted in turbine avoidance areas are not 
treated as “unrepresentative” habitat.  Because turbines were not placed in these avoidance 
areas, due to potentially high eagle activity within those areas, eagle minutes within those 
areas should not contribute to estimated mortality.  This approach seems counter-intuitive if a 
goal is to reduce eagle fatalities.  As currently applied, the estimated fatalities will be the 
same whether or not turbines are actually placed within high avoidance areas or not.   
 
(B) There is ambiguity related to the definition of the project footprint from which “30% 
spatial coverage” is required.  Without a clear understanding of how the Service defines the 
project footprint it becomes difficult to apply the rules established by the Service.   
 
(C) There is no clear statistical or biological justification for the 30% spatial coverage rule.   
 
(D) The 30% spatial coverage rule is being applied to justify excluding data from some 
point-counts in some years, but not others.  For example, data from point count RM12 
(Summary Document, pages 3, 4, 13, 14, 16) were used in some years but not in other years.  
Data should either be used in all years or not used in any years.   
 
In conclusion, my examination of the data used by the Service to model estimated eagle 
fatalities revealed some questions in how data were summarized and which data were 
included or excluded.  This report focuses on two specific modifications that were made to 
more appropriately reflect the data available to estimate eagle fatalities on the site including 
(1) a bias correction to the summary of eagle minute use data and (2) exclusion of eagle use 
data recorded outside areas where turbines will be located.   
 

 
IV. Eagle Fatality Modeling for the Chokecherry and Sierra Madre Wind Energy 

Project: Consideration of Assumptions and Data Used 
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Given the discussion above about model assumptions and data used to estimate eagle 
fatalities, I used the Service’s Model as a basis for estimating annual eagle fatalities, but I 
produced fatality estimates by modifying questionable assumptions.  Further, I modified how 
data were summarized and which data were included in my estimates of eagle fatalities.  I 
maintained the structure and general approach taken by the Service in developing the model, 
but made biologically reasonable and supportable modifications to address these 
assumptions. 
 

A. Overview, Scope of Analysis and Background 
 
I focused on the following 3 specific assumptions made by the Service’s model (1) that there 
is an infinite population of eagles exposed on the site each year; (2) that the daylight hours 
used to calculate exposure rate are accurately represented by a mean value for each turbine 
across the entire year; and (3) the model assumes that risk of fatality is the same across the 
year.   
 
To address these assumptions, I did the following: (1) to account for the infinite population 
assumption, I modified the Service’s Model to directly account for abundance on the site (the 
number of fatalities is a function of the number of eagles at risk); (2) to account for the mean 
exposure rate, I treated the area around the 17 turbines that were curtailed as 
‘unrepresentative’ habitat; and (3) to account for the same risk of fatality throughout the year, 
I modeled estimates of fatality using distinct seasonal conditions of both eagle use and 
daylight operational hours rather than spreading that risk out across the entire year.  All of 
these assumptions were integrated in one model run.   
 
In addition to addressing these 3 specific assumptions of the Service’s model, I also (1) 
adjusted eagle minutes to obtain a more realistic estimate of eagle minutes given the 
available data by applying a bias correction and (2) treated turbine avoidance areas as 
“unrepresentative” habitat.   
 

B.  Eagle Fatality Estimates  
 
I produced eagle fatality estimates, for both golden eagles and bald eagles separately, by 
modifying all assumptions simultaneously.  I then compared model output when assumptions 
were made more realistic for the project site and available eagle minute use data to eagle 
fatality estimates generated by the Service.  Modifications to the model and data are 
described below.   
 

1.   Eagle fatality estimates for the project accounting for a finite population of 
eagles 

 
To account for the infinite population assumption, the Service’s model was directly modified 
to directly consider abundance.  More specifically, the Service’s model was made to 
explicitly make the number of fatalities a function of the number of eagles at risk of death.  
Define the following variables: 
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λ = the expected number of eagle minutes per hour per km2 
C = collision probability per eagle minute spent in hazardous areas 
A = abundance of eagles in the project site 
DH = the total number of daylight hours in a year 
HA = the total hazardous area in units of km2 

F = number of eagle fatalities 
π = proportion of time turbines are rotating 
α = proportion of time flying at rotor height 

 
Both λ and C are specified by the same distributions outlined in Appendix D – Stage 3 
document of the ECP Guidance report.  A can be specified as a distribution or as a constant.  
For purposes of this report, we have assumed a mean abundance of 30 golden eagles and 8 
bald eagles, which was estimated by SWCA during their monitoring program. 
 
The probability a single eagle collides with a turbine per eagle-minute spent in hazardous 
areas is: 

𝛾𝛾 = 1 − (1 − 𝐶𝐶)
𝜆𝜆
𝐴𝐴. 

 
Note that the expected number of eagle minutes per hour per km2 is divided by the total 
abundance so the collision probability is represented on a per-eagle basis.  Assuming the 
collision probability is constant across space and time, the annual probability of a single 
eagle colliding with a wind turbine is: 
 

𝜓𝜓 = 1 − (1 − 𝛾𝛾)𝐷𝐷𝐷𝐷×𝐷𝐷𝐴𝐴. 
 
Finally, assuming a constant annual collision probability across all eagles: 
 

𝐹𝐹~𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏(𝐴𝐴,𝜓𝜓). 
 
In addition to other assumptions made in the Service’s model, our binomial model assumes 
that eagle minutes are evenly spread among all eagles in the project site.  The abundance is 
assumed to be known or is known with some level of certainty.  Specifying an unreasonably 
large abundance (e.g., infinite population) will overestimate fatality risk, while specifying an 
unreasonably small abundance (e.g., 1 eagle) will underestimate fatality risk. 
 
In summary, this approach is identical to the Service’s model but this modification allows an 
explicit representation of the number of eagles at risk of death.  Using the Service’s model 
which assumes an infinite number of trials, it was modified as an equivalent binomial model 
without altering any other aspect of the Service’s model except for the mean abundance 
which is made explicit.  Such an approach allows for the evaluation of the effect of a more 
realistic value of abundance on estimated eagle fatalities rather than assuming an infinite 
population of eagles exposed on the site and immediate replacement of an eagle with another 
eagle after a fatality event. 
 

2.   The daylight hours used to calculate exposure rate are accurately 
represented by a mean value for each turbine across the entire year  
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This assumption relates to the methods applied by the Service to model proposed curtailment 
of turbines.  This approach accounts for reduced daylight hours due to 17 turbines shut down 
near nest 162 for 89.25 days, but it further spreads the reduction in daylight hours equally 
among all turbines.  To fully account for decreased risk, surveys that overlap with these 17 
turbines both spatially and temporally should be treated as ‘unrepresentative’ habitat, 
resulting in the exclusion of eagle minute data and modification to the exposure rate. 
 
Thus, I excluded eagle minutes and observation hours from point counts within 800 meters of 
any of the 17 turbines scheduled to be shut down during the curtailment period.  Specifically, 
I excluded eagle minutes and observation hours from point counts MH3, MH5, RM3 during 
the curtailment season, defined as February 1 – April 30 (see Summary Document, p. 39).  
Finally, I reduced the number of turbines to 483 during the curtailment season.   
 

3.   The model assumes that risk of fatality is the same across the year 
 
To accommodate for differential risk of fatality across the year, I considered distinct seasonal 
conditions of both eagle use and daylight operational hours rather than spreading that risk out 
across the entire year. 
 
I summarized eagle minutes and observation hours by the seasons defined in the Summary 
Document, page 39.  I included observations from “Year 1” and “Year 2” (see Summary 
Document pages 6-7).  I calculated season-specific daylight hours as the product of seasonal 
daylight hours and the percent of time each turbine is expected to operate (see Summary 
Document, page 40).   
 
  4.  How eagle minute data were summarized to estimate eagle fatalities.   
 
The primary issue here relates to the “rounding up” of eagle use minutes to estimate eagle 
fatalities.  As discussed above in Section C, ii, 1, the Service’s method for recording eagle 
minutes (e.g. observing an eagle from 13:10 – 13:11 = 2 eagle minutes) introduces an 
average bias of 59 seconds every time a count is conducted (0.98 minutes).  Rounding 
minutes to 1 when they start and stop within the same integer minute (e.g. observing an eagle 
from 13:10 – 13:10 = 1 eagle minute) introduces an average bias of 40 seconds (0.67 
minutes).  Thus, I subtracted 0.98 minutes for every observation that lasted ≥2 minutes and 
0.67 minutes for every observation that lasted 1 minute to correct this bias. 
 
 5.  Which data were included and excluded by the Service to estimate eagle 

fatalities for the project.   
 
It is unclear why data from point-counts conducted in turbine avoidance areas are not treated 
as “unrepresentative” habitat.  Because turbines were not placed in these avoidance areas, 
due to potentially high eagle activity within those areas, eagle minutes within those areas 
should not contribute to estimated mortality.  This approach seems counter-intuitive if a goal 
of these avoidance areas is to reduce eagle fatalities.  As currently applied, the estimated 
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fatalities will be the same whether or not turbines are actually placed within these avoidance 
areas or not.   
 
To accommodate this issue, I included only eagle minutes and observation hours from point 
counts within 800 meters of an active turbine.  Specifically, I only included eagle minutes 
and observation hours from the following point count stations: CC1, CC2, CC3, CC4, CC5, 
CC6, CC7, CC9, CC10, CC11, CC12, MH1, MH2, MH3, MH4, MH5, MH6, MH7, MH8, 
PG2, PG4, PG5, PG7, PG8, PG9, PG10, RM3, RM4, RM6, RM7, RM13, RM14, RM17, 
RM18, RM19, RM20, and RM23.   
 
Based on the available data, I applied the following correction: at point count RM4, during 
2011 Spring to 2012 Spring, the Service recorded 13 golden eagle minutes (Summary 
Document, page 25).  My review suggested there should be 17 minutes: a 1-minute and a 2-
minute count of May 23, 2011, a 9-minute count on June 23, 2011, a 2-minute count on July 
10, 2011, and a 3-minute count on July 24, 2011.  Thus, I used 17 minutes in the model.  
 
I produced eagle fatality estimates, for both golden eagles and bald eagles separately, by 
modifying all assumptions simultaneously.  I then compared Model output when assumptions 
were made more appropriate for the project site and available eagle minute use data to eagle 
fatality estimates generated by the Service.  Further, I considered eagle fatality numbers at 
the 80% quantile, which is used by the Service to estimate risk to eagles.  The median 
number of estimated fatalities is also provided.  The interpretation of a value at the 80% 
quantile means there is an 80% chance that x number of eagles or fewer are predicted to be 
removed at the wind energy site each year.  The value at the 80% quantile should not be 
interpreted to mean that value equates to the number of eagle fatalities that will occur each 
year.  Reliance on the 80% quantile value is very conservative and model results suggest the 
actual number of eagle fatalities is likely to be fewer than the 80% quantile value in most 
model runs.  This conservative benchmark is added on top of the already risk-averse 
approach taken to develop the model. 
 
Assuming a 120 meter turbine blade, the 80% quantile value was 9 or fewer golden eagle 
fatalities (Table 1 and Figures 1 and 2).  The median estimated number of annual fatalities 
was 7 golden eagles.  The Service estimated 14 golden eagle fatalities, at the 80% quantile, 
using the same scenario.  Using the same assumptions, the 80% quantile value was 2 or fewer 
bald eagle fatalities, with a median estimated number of annual fatalities of 1 (Table 2 and 
Figures 3 and 4).  The Service estimated 2 bald eagle fatalities, at the 80% quantile, using the 
same scenario.  A complete summary of these modeling results, including a summary of the 
data used, is presented in Tables 1 and 2 and Figures 1-4 below.   
 
 

V. Conclusion 
 

In conclusion, it is my opinion that: 
 

• There are a number of assumptions inherent in the Service’s eagle fatality 
Model that are questionable for the project site and modification of these 
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assumptions as used in the Model results in a more realistic estimate of eagle 
fatalities.  In particular, the Service’s model assumes there is an infinite 
population of eagles exposed on the site, which has the effect of 
overestimating the number of predicted eagle fatalities for Phase I of the 
Project.  Further, my examination of the Service’s model for the final project 
design has revealed that their approach to modeling curtailment should be 
refined and there is a need to model season-specific risk of estimated 
mortalities.  Both adjustments to the model result in a more realistic estimate 
of eagle fatalities at the site. 
 

• Further, there were general concerns and uncertainty related to some decisions 
made by the Service regarding which eagle minute data to include or exclude 
and how data were summarized.  A main concern related to the inclusion of 
eagle use data recorded in the turbine avoidance areas.  Because turbines were 
not placed in these avoidance areas, due to potentially high eagle activity 
within those areas, eagle minutes within those areas should not contribute to 
estimated mortality.  Second, the rounding of minute data as conducted by the 
Service overestimates eagle minutes.  Consideration of these issues results in a 
more realistic estimate of eagle fatalities at the site. 
 

• The Service’s model can be modified to reflect more appropriate assumptions 
for the project site.  Doing so maintains the structure and general approach 
taken by the Service in developing and applying the Model.  However, doing 
so makes the model a more realistic reflection of project conditions.     
 

• When considering the final project design, assuming a 120 meter turbine 
blade, and consideration of the assumptions and modifications to input data as 
described above, the 80% quantile value was 9 or fewer golden eagle 
fatalities.  The median estimated number of annual fatalities was 7 golden 
eagles.  The Service estimated 14 golden eagle fatalities, at the 80% quantile, 
using the same scenario.  Using the same assumptions, the 80% quantile value 
was 2 or fewer bald eagle fatalities, with a median estimated number of annual 
fatalities of 1.  The Service estimated 2 bald eagle fatalities, at the 80% 
quantile, using the same scenario.  In my opinion, model estimates when 
assumptions are modified and input data are modified to reflect project 
conditions results in a more realistic estimate of eagle fatalities for Phase I of 
the Chokecherry and Sierra Madre Wind Energy Project. 
 

 
Dr. Joshua J. Millspaugh 
O’Connor Distinguished Professor of Wildlife Management 
Department of Fisheries and Wildlife Sciences 
University of Missouri  
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Figure 1: Summary of season-specific posterior distribution of golden eagle fatalities.  
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Figure 2: Summary of annual posterior distribution of golden eagle fatalities. 
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Figure 3: Summary of season-specific posterior distributions of bald eagle fatalities. 
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Figure 4: Summary of annual posterior distribution of bald eagle fatalities. 



 
Table 1: Summary of predicted golden eagle fatalities and data used in the model.   
 
Season Golden 

Eagle 
Minutes 

Survey 
hours per 
km3 

Daylight 
Hours 

Blade 
Length 
(m) 

No. 
Turbines 

Eagle 
Exposure 

Exposure 
SD 

Avg. 
Fatality 

Fatality 
SD 

80% 
UCI 
Fatality 

Winter 15.7 64.3 689.7 120 500 0.2575 0.063 1.13 1.29 2 
Curtailment 44.6 99.8 1008.0 120 483 0.4545 0.067 2.72 2.31 4 
Active Nest 28.2 132.1 841.8 120 500 0.2198 0.041 1.18 1.32 2 
Summer 12.5 66.4 580.7 120 500 0.2008 0.055 0.75 1.00 1 
Fall 31.3 205.6 977.7 120 500 0.1564 0.028 0.98 1.17 2 
Annual -  - - - - - 6.76 3.34 9 
 
 
Table 2: Summary of predicted bald eagle fatalities and data used in the model.   
 
Season Bald 

Eagle 
Minutes 

Survey 
hours per 
km3 

Daylight 
Hours 

Blade 
Length 
(m) 

No. 
Turbines 

Eagle 
Exposure 

Exposure 
SD 

Avg. 
Fatality 

Fatality 
SD 

80% UCI 
Fatality 

Winter 0.0 64.3 689.7 120 500 0.0149 0.015 0.07 0.27 0 
Curtailment 3.4 99.8 1008.0 120 483 0.0434 0.021 0.27 0.55 1 
Active Nest 0.3 132.1 841.8 120 500 0.0098 0.009 0.05 0.24 0 
Summer 0.0 66.4 580.7 120 500 0.0145 0.015 0.05 0.24 0 
Fall 16.8 205.6 977.7 120 500 0.0860 0.020 0.52 0.77 1 
Annual -  - - - - - 0.97 1.05 2 
 



Appendix A.  R code used to assess bias in “rounding up” eagle minutes. 
 
# Bias (in seconds) when not rounding up.  Assumes eagle minutes 
consist of two 
# complete integer minutes (e.g., 13:10 - 13:11) 
 
# Total seconds in integer minute 1 
sta <- 60 - sample(0:59, 100000, T) 
# Total seconds in integer minute 2 
end <- 60 - sample(0:59, 100000, T) 
 
 
# mean bias from SWCA approach (in seconds) 
# SWCA would treat this as 1 minute 
mean(60 - (sta + end)) 
 
# mean bias from FWS approach (in seconds) 
# FWS would treat this as 2 minutes 
# mean bias approximately 59 seconds 
mean(120 - (sta + end)) 
 
 
# Bias (in seconds) for 1-minute surveys (e.g., 13:10 - 13:10) 
# assume 1-second minimum survey length - e.g., if a survey starts 
at 13:10:59, 
# it will end at 13:11:60 at the earliest.  Thus, all surveys start 
by 13:10:58 
 
# assume all time intervals equally likely 
# e.g., second 0 - 1 is as likely as second 11 - 45 
# total number of possibilities is sum of integers 1:59. 
# calculate like this: 1-s intervals can be 0-1, 1-2, ..., 58-59 (59 
total) 
# 2-s intervals can be 0-2, 1-3, ..., 57-59 (58 total), etc. 
# mean bias approximately 40 seconds 
 
# initializing a vector where each element is 1 equally-likely time 
interval. 
total.possibilities <- sum(1:59) 
 
# each element of total.possibilities is the total length of the 
time interval. 
# i.e. there are 59 possible 1-s intervals, 58 possible 2-s 
intervals, etc. 
sec.ind <- numeric(total.possibilities) 
for(i in 1:59){ 
  s <- sum(sec.ind > 0) + 1 
  e <- (59:1)[i] + sum(sec.ind > 0) 
  sec.ind[s:e] <- rep(i, (59:1)[i]) 
} 
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# randomly sampling survey lengths 
len.s <- sample(sec.ind, 100000, T) 
hist(len.s, main = '', xlab = 'Survey length (s)', freq = F); 
mean(len.s) 
bias <- 60 - len.s; mean(bias) 
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APPENDIX K 

Summary of BLM Environmental Constraints, Applicant Committed Measures, 

Applicant Committed Best Management Practices, and Proposed Mitigation 

Measures 

 

This appendix contains a copy of Appendix D from the Chokecherry and Sierra Madre (CCSM) Wind 

Energy Project Record of Decision (ROD) published in 2012. See BLM 2012a. This appendix identifies the 

Bureau of Land Management (BLM) environmental constraints, Applicant committed measures, 

Applicant committed best management practices, and proposed mitigation measures for the CCSM 

Project. This appendix is included in this Phase I ECP for ease of reference to the design features and 

mitigation measures incorporated into the CCSM Project, including Phase I. 
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